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INTRODUCTION .

The Dicom Floppy Disk System (FDS) is complemented by a complete’
line of supporting software for the Hewlett Packard 21XX Series
computers. The FDS can be used as a peripheral in either the
SIO or BCS environment, or it can be used as the primary I/O
device under Dicom's Floppy Disk Operating System (FDOS).

An operating system is an organized collection of programs
which increases the PRODUCTIVITY of a computer system. An
operating system's main function is to aid in the preparation,
translation, debugging, loading, and execution of programs.
This is accomplished by including a peripheral device in the
system that can be completely controlled by the computer, thus.
providing a large program/data base for use by the operating
system. In FDOS, up to a half-million words of random-access
storage is provided via disk, with an additional half-million
bytes of serial-access storage provided via cassettes.

The various translators, loaders, and other software modules

of the operating system are stored on the library device (in
this case a disk) for use only when needed; thus the amount

of core memory needed for efficient operation is significantly
reduced. Since the operator requests a translator (assembler,
compiler, etc.) from disk via an executive command typed

on the console device keyboard (instead of loading it from paper
tape), the overhead time can be significantly reduced and the
efficiency can be significantly increased. Also, since the
computer has complete control of the media containing the input
data, the translation of the input data can be accomplished
automatically, thus eliminating operator intervention and
increasing system throughput (most translators must make multiple

- passes over the input data).

- FDOS is a collection of routines which control the operation of

application programs and provide them with certain important
capabilities, primarily in the area of access to peripheral
devices, i.e., I/0. FDOS supports the HP Assembler, Cross-
reference Table Generator, Editor, FORTRAN Compiler, and other

HP and user-provided application programs. It allows these
programs to perform I/O operations using a wide variety of
peripheral equipment, including floppy disks, cassettes, paper
tape, teletype and lineprinter. These devices are treated
uniformly by the operating system, so as to allow the application
programs to be device-independent. :



FEATURES OF FDOS

*

Immediate usefulnessf no special languages or complicated
procedures to learn.

Immediate (random) access to all system programs.

Uniform treatment of peripheral devices.

‘Keyboard and batch proeessing modes.

Small (approximately 140B words) resident-system with all
remaining memory available to user programs.

SIO driver package which combines console device, floppy disk,
cassette, high-speed paper tape, and line printer drlvers,
using common routines to conserve memory.

Standard programming packages integrated'into FDOS, with
complete floppy disk, cassette, paper tape, and line printer
1/0 facilities: includes editor, assemblers (Floating Point,
EAU, and Non-EAU), cross-reference table generator, debugger,
FORTRAN compiler, relocating loader, relocatable library,

and others. Extender version also includes MAG. TAPE and
CARD READER. ‘

Facilities for converting programs between the various media
supported (paper tape, disk,'and cassette).

Configurable for I/0 conflguratlon and memory size at system
generation time..

MINIMUM FDOS HARDWARE CONFIGURATION

*

*

HP 21XX Series computer'w1tﬁ 8K of memory (DMA, EAU, memory
parity, memory protect, time base generator, etc., are NOT
required).

Console device (HP-interfaced teleprinter or cassette system
"deck zero" TTY/CRT).

Single drive Floppy Disk System.

ADDITIONAL HARDWARE SUPPORTED

*

Up to a total of four floppy disk drives



%

Up to a total of 32K memory .

Dicom Cassette Magnetlc Tape System (CMTS) or Cassette
Magnetic Tape Terminal (CMTT). _

'High—speed paper tape reader.

High-speed paper tape punch.

Line printer (HP-interfaced and/or cassette system "deck zero"
line printer). :

Other peripheral devices with user-supplied SIO or BCS
compatible drivers.

EXTENDED VERSION OF FDOS

Adds Magnetic Tape (one or two drives; 12.5, 25, 37.5,.and/or
45 inches per second) and Optical Mark Sense (and) Punched
Card Reader, I/0 facilities, fully integrated.

Requires only 4K additional core (12K minimum), and DMA, etc.
still not required (even with 45 ips Mag Tape).

FDOS SOFTWARE MODULES

The FDOS user is supplied:

L.
w

Skeleton system disk containing:

Configured FDOS for immediate use.

Unconfigured Bootloader.

System Generator.

Unconfigured System Loader.

Unconfigured SIO Driver Package.

Unconfigured Executive. .

Assemblers (Floating point, EAU, and Non-EAU).
Editor.

Cross-Reference Table Generator.

Debugger and Disk Utility Package.

FORTRAN Compiler (Floating p01nt EAU and Non-EAU).
Prepare Control System.

Relocating Loader, BCS Drivers, and .IOC.
Reloactable Libraries (Floating point, EAU, and Non-EAU).

Diagnostic (on paper tape, cassette or disk)
A configured, "standard" FDOS software system is provided with
a pre-determined hardware configuration; this allows the user

to put the FDOS "on-the-air" 1mmed1ate1y

The System Generator is run to produce a conflgured System
Loader, SIO Driver package, and Executive. These can then



be written out to the "System" files on
System Generation process need not ever

The Assemblers, Editor, Cross-Reference:

FORTRAN Compilers, Disk Prepare Control
Loader modules are modified versions of

disk, and the
be performed again.

Table Generator,
System, and Relocating
standard HP programs.

The Relocatable Libraries, the .IOC. and BCS Drivers are
unmodified HP programs. The Debugger is a stand-alone octal
debugger designed for use either with an HP TTY, or with a
cassette system "deck zero" console device. '



II. FDOS ORGANIZATION

The FDOS is a collection of programs designed to work together,
giving the user a unified treatment of programs and data files.
FDOS is specially designed to assist in the development and
execution of programs.

To this end an editor, assembler, FORTRAN compiler, debugger,
and other software are stored on disk for quick access when
needed. These programs are designed to use any FDOS I/O device
for the various aspects of their input and output, and pro-
grams generated by the assembler or FORTRAN compiler can later
be integrated into the system. Such user-generated programs
can be stored on disk, can make calls on system I/O drivers

and other utility routines, and can communicate with the
"Executive" for the purpose of accepting parameters at run time,
of loading other programs, or of returning control to the
"Executive".

It will be especially easy for CMTOS users to learn FDOS,
since the commmand structures of the two operating systems are
quite similar.

II.A. FDOS PERIPHERAL DEVICES

The FDOS is designed to allow uniform handling of data from
different peripheral devices regardless of the media involved.
Under FDOS, each peripheral device (i.e., paper tape reader,
paper tape punch, line printer, etc.) or sub-device (Teletype
keyboard, Teletype printer, disk drives D, E, F, and G) is
considered to be a physical device.:

In order to take maximum advantage of the disk drives, they are
broken down further. Each disk drive has four logical units
assigned to it; D1, D2, D3, D4, El, E2, . . . . . , G4; each of
these sixteen (possible) logical units are considered to be

a physical device. Each of the logical units within each disk
has an associated Logical Unit Directory (LUD) which resides on
a certain fixed sector of each disk. The contents of each LUD,
which can be examined by the Logical Unit Directory command (LD),
is a list of file names. Thus, for example, if the LUD for unit
El consisted of the names

SRC1
SRC2
SRC3

II -1



II.B.

and the LUD for unit. E2 consisted of the hames

SRC3

SRC2

‘ : SRC1

then a command to rewind logical unit El and copy three files
from that unit to, say, cassette deck 2 would leave the three
files SRC1l,SRC2 and SRC3 on the cassette in deck 2 in the
given order. If the same command were given using logical
unit E2, then deck 2 would receive the same three files, but
in the opposite order. ‘

In addition to the logical unit structure of disk cartridges
(drives), there is also a structure of named files. Thére is

a Disk Directory, kept in a certain fixed disk sector, which
lists the names and locations of all files actually on that disk.
A list of the names of ALL files actually on a specific disk can
be obtained via the Disk Directory command, DI. It should be
noted that the names of the files in the LUDs will only be printed
IF there is actually data in the associated file.

Peripheral devices of FDOS that are actually file-oriented,

e.g. the cassette decks and the disk logical units, can contain
more than one file. To this end, commands are provided to posi-
tion to specific files (Skip, Queue, Rewind, etc.), and to
manipulate files (Copy, Verify, Save, List, etc.).

~FDOS DEVICE STRUCTURING

The uniformity in device handling is accomplished in FDOS by
having two sets of devices: physical devices, which correspond
to actual system hardware (peripheral devices), and functional

devices, which correspond to tasks performed by the system.

Programs such as the assembler refer only to functional devices.
The system translates these I/O requests into operations on
physical devices and handles all device-specific considerations.
For example, the normal operation of the assembler requires it
to pesition the input unit, read through the file, position

the input unit again, read through the file again, producing
binary output on the punch unit, list output to the high-

speed list unit or program list unit, write an EOF after the
binary file on the punch unit, and, if no cross-reference has
been requested, write an EOF after the list file on the high-
speed list unit. The assembler does not need to make special

'provision for paper tape input or output (such as halting

between TTY print and punch, generating leader/trailer, etc.).

II - 2



It does not need to set up a special pointer for lineprinter
output, or avoid writing file marks on tape or disk when the
listing has gone to the lineprinter. All it needs to do is

make calls to the system I/O driver to implement the sequence of
- operations specified above, and the system I/O driver handles
all of these device peculiarities.

This arrangement is similar to the HP BCS arrangement in which
an EQT and an SQT are defined.

The physical and functional units recognized by FDOS are
shown in Table II-1l. This table is the key to understanding
FDOS device handling. The left side of the table shows all
of the physical devices which can be supported by the system.
Any particular system has some subset of these, specified at
system generation time. '

A table, called the Physical Device Table (PDT) is set up

during system generation. For each of the devices on the left
side of table II-1l, an entry in the PDT specifies its existence
and capabilities on that particular system. For example, if

the system has a high-speed reader but not a punch, the high
speed tape entry will show input capability but not output
capability. ‘ '

The right side of table II-1 lists the functional devices
recognized by the system. The Functional Device Table (FDT)
specifies which physical device is assigned to any given func-
tional device, and also contains information about the binary
vs. list capabilities of the particular functional device.

A functional device can be either a binary device or a list-
capable device. List-capable devices interpret I/O0 calls
specifying negative counts as page control commands, while
binary devices interpret these as commands to output in '
binary mode (B or BA, as specified in Section II.C).

In the HP SIO environment a peculiar arrangement is provided
for formatting listings. Normally an SIO driver accepts calls
of the form o '

(A) = Data count

(B) = Buffer address

JSB Driver.
The data count specified is either the number of ASCII charac-
ters to be output or minus the number of binary words to be
output. That is, a negative data count specifies that binary
data is to be output. - :
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Certain devices, such as a lineprinter, are not normally used
for binary output. The SIO drivers for such devices are pro-
grammed to interpret certain "binary" calls as page spacing
requests. The driver keeps track of the current page position
by means of a line counter. When the line count reaches the
maximum number of lines allowed on a page, the driver causes
the device to do a “"page eject", either by means of a Form
Feed, or by means of six Line Feeds.

In FDOS a similar page spacing facility is provided. Basically,
paging properties are associated with functional units. Each
functional unit has associated w1th it a 5-bit code which
specifies :

(1) The unit is binary; that is, no page
spacing requests are recognized,
- - =~-o0r - - - '
(2) The paging parameters:

(a) three bits specifying one of seven
(1 to 7) system line counters
assigned to the unit; a line coun-
ter of @ specifies no line counting
(thus, no page spac1ng) for this:
unit.

(b) two bits specifying one of four
page feed character options;

i) L - an appropriate number of
Line Feeds (to bring the line
count to 66) is output, and the
liné counter is reset.

ii) F - a Form Feed. (ASCII 14) is
output and the line counter is
reset.

iii) N - no output accompanies the page
advance. The line counter is reset.

iv) X - the extra page character
(specified at System Generation
Time) is output, and the line
counter is reset.

The FDT entry for a list-capable units contains an index (between
@ and 7) to a table of line counts and a code for the choice of
page feed character (Llne Feed, Form Feed, Null, or "extra page
‘character"). :

The FDT entry for any particulaf functional unit can be modi-

fied by the operator by means of the assign (AS) command of the
- Executive.
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To use this command, the operator types-
‘AS FU,PU,LC,PC

where FU = mnemonic code for the functional unit.
PU mnemonic code for the physical unlt
c index of the line counter.
PC = code for page character.

If the LC and PC parameters are not specified, they are left
alone in the FDT entry. Since the operator will almost never
need to change these, the ordinary format of the AS command
is simply '

AS FU,PU
to assign the physical device PU to the functional device FU.
Since it is important for the operator to be able to keep track
of the FDT assignments, the Executive provides ways to do this.
To find any given assignment, the operator can type

AS FU,?
The system replies by typing

PU . Name Line-counter Page-character

where PU is the mnemonic code (see table II- l) If the‘operator
wants the entire FDT printed, the command

LA UNIT

can be used. The entire table is printed on "UNIT" with an
entry in the above format for each of the FDT entries.

In order that the user worry as little as possible about

the FDT, a complete FDT is assembled with the Skeleton FDOS.

At System Generation time any of these can be modified by state-
ments in the format used with the Assign command (FU,PU,LC,PC).

The FDT is stored in the "warm start" file on the system disk
(SYS2). Thus, an X7542B, X7544B or X77¢@B restart will restore

the FDT to its system generation time values, but an X754¢B

- restart, such as used by ASMB, EDIT, etc., to reload the Exec-
utive, will not modify the FDT. - ‘ '
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II.C.

FDOS DATA STRUCTURE )

All information stored or accessed by FDOS programs is
organized into files. These files are composed of records.
A record is a collection of characters and must conform to one
of four basic formats (which conform to standard HP -philosophy):
* A - ASCII. Each record consists of 7-bit ASCII
codes and ends with a line feed character (octal 12).
On output, the eighth (parity) bit is always set.
On input, the eighth (parity) bit is always cleared.

* B - Relocatable binary.  Each record consists of an
even number of 8-bit characters, to be taken in pairs
to represent 16-bit computer words. The first char-
acter of each pair represents the most significant
half (bits 15-8) of the corresponding word.

The first character (left half of the first word) of
the record specifies the total number of words in the
record. The third word of the record is the checksum
(the sum of the second and fourth through the last words
of the record).

* BA - Absolute binary. Each record consists of an
even number of 8-bit characters, tc be taken in pairs
to represent 16-bit computer words. The first character
of each pair represents the most significant half
(bits 15-8) of the corresponding word.

The first character (left half of the first word)

of the record specifies the total number of words in
the record, minus 3. E.g., if there are 128 words
in the record, this count will be 125. Absolute
binary format differs from relocatable binary format
in this respect. The last word of the record is the
checksum (the sum of the second through the next-to-
last words of the record). '

* Fixed length binary (for BCS programs only). Each
record consists of an even number of 8-bit characters,
to be taken in pairs to represent 16-bit computer
words. The first character of each pair represents the
most significant half (bits 15-08) of the corresponding
word.  The record has no included word count; exactly
as many words (or characters) are read as were asked
for in the call.



When taking input from paper tape, on which there are no
physical record delimiters, the data mode must be known in
advance, and is used to determine record boundaries. Thus,
e.g., a program reading an ASCII record will continue to take
characters from the paper tape until a line feed character is
encountered. If asked to read an absolute binary record,

the program will take the first character read as a data word
count (n), fill out the first word with the second character
from tape, read the next 2(n+2) characters as the next (n+2)
words of the record. The checksum considerations mentioned

in the above description would not be performed by an I/0
driver asked to read a record in absolute or relocatable binary
format. Instead, the (n+3) or (n) words of the record are
simply transmitted to the calling program, which can then per-
form the checksum computation itself. .

The file structure of the disk follows the paper tape record
format more closely than the cassette format, since no special
record delimiters are recognized by the disk hardware. The
disk structure supported by the hardware is its division into
tracks and sectors. The number of sectors per track is a
power of two, and the "disk address" contains the sector address
in the least significant portion of the word with the track
address in the next most 81gn1f1cant bits. For this reason,
the division into tracks is largely unimportant to the software,
and we speak of the disk address or sector address of data with-
out explicit mention of the track. :

A disk sector contains 128 16-bit words, these are a581gned in
FDOS as follows: :

First word: "Name"; A word derived from the file
name and serving as a validity check.

Second word : "Pointer"; Sector address of the next
128-word block of the file. Zero denotes
end-of-file..

Remaining 126 words: = Data words

The data words are used for storing information in the same
format as used with paper tape. Thus, a disk file can be
thought of as a paper tape laid out on the disk in a '"chain"

of sectors. The first sector contains the first 252 characters
of the "tape" in its third through 128-th words. The 253-rd
through 504-th characters are in the third through 128-th

words of the second block, and so on. The last block of the
"file contains an end-of-file indication in its "pointer" word,
marking the end of the "tape", and unused characters of the
last block are filled with nulls, the "trailer" of the "tape".

Since the blocks of ‘a disk file are chained together, it is
only necessary to record the address of the first block of the
file. This is the function of the disk directory. The disk
directory contains a four-word entry for each file on the disk.
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Three words are for the name; the fourth contains the sector
address of the first block of the file.

In order to go through a file of data stored in this manner it
is only necessary to know the location of the first. sector,
since each sector contains a pointer to the next sector of

the file. The disk directory stored in track zero, sector

1 of each disk, contains the names (up to five characters)
‘and starting sectors of the files on that disk.

The structure of files described above is appropriate to the
random~access nature of the disk media. Many programs, however,
are designed for use with a sequential access device. FORTRAN
statements such as REWIND and ENDFILE have direct interpreta-
‘tions for cassettes but not for disks. Similarly, programs
running in an SIO environment have no means of making random-
access references to their I/0 units. Thus, in order to achieve
-uniform treatment of all system I/0 devices wherever possible,
a system of "logical units" has been established for each disk.

There are four logical units on each disk. Each has assigned

a sector in which its "logical unit directory" or LUD is
stored. This LUD is a list of file names in a specific order.
Those files, in that order,constitute the given logical unit,
making it a sequential access device. The contents of the LUD's
and therefore the files in these logical units, are under con-
trol of the user (see QU, AQ, and LD commands).
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6-IX

°IT

PHYSICAL DEVICES

FUNCTIONAL DEVICES

SHOIAAA TTVDISAHA ANV TUYNOILONNJ SOaAd ‘T-II ST9el

H
L

HHWwWNDHESR

Lp
P1g
P11l
Pl2
P13
pl4
P15
Plo6

BK

D4

D1

D2

D3

E4

El

E2

E3

F4

Fl

F2

F3

G4

Gl

G2

G3

‘Unused

CMTS Deck #&

CMTS Deck 1

CMTS Deck 2

CMTS Deck 3

High-speed Paper Tape
Low-speed (TTY) Paper Tape
Teletype keyboard/printer

. Lineprinter

Mag. Tape Unit @ (extended)
Mag. Tape Unit 1 (extended)
Card Reader (extended)

Nonexistent Device
Bit Bucket
Logical Unit D4
" n Dl
" ; " D2
i L1} D3
n 1" E4
11} f El
1" 11} E2
1" ” E3
" 1n F4
n 113 Fl
11 11 F2
n . " F3
" 111 G4
1 1" Gl '
1] 1" G2

n n G3

49
41
42
43
44

- 45

46
47
5¢
51
52
53
54
55
56
57
6g
61
62
63
64
65
66
67

79

- 71

72
73

74

75
76
77

DI
PL
DP
PK
HL
sc
CK
CL
AT
AL
AP
AK
AH
AS
BC
BM

s2¢

S21

S22

S23

S24

$25

S26

S27

s3g

S31

S32

s33

534
S35
S36
S37

Data Input
Program'List
Data Output
Program Keyboard
High-speed List

Scratch

Executive
Executive
Auxiliary
Auxiliary
Auxiliary
Auxiliary

- Auxiliary

Auxiliary

Keyboard
Listing

Input

List

Output

Keyboard
High-speed List
Scratch

Batch Command
Batch Messages

Unused




II.E: TABLE II-2; SYSTEM TASK ASSIGNMENTS

The functional devices are assigned to system tasks in the
following way.

1. Executive.
CK On-line mode keyboard input.
CL On-line mode executive messages.
BC Batch mode command input.
BM Batch mode executive messages.

2. Assembler.
DI Source input.
DP Binary output.
"PL  Talk to operator (e.g., "TYPE CONTROL STATE.")
Listings if HL not requested.
PK  Input from operator (e.g., ASMB statement).
HL Listing output unless PL specified.

3. Editor .

DI Data input if "/D" specified.

AI Data input if "/A" specified.

DP Data output if "/D" specified.

AP  Data output if "/A" specified.

PLL, Talk to operator.

PK Answers from operator.

» Input of edit file if "/T" specified.
AKX  Input of edit file if "/A" specified.

4, Cross-reference Table Generator
DI  Source input.
PL Talk to operator.
Listings if HL not requested.
PK Input from operator (e.g., symbol range).
HL  Listings unless PL specified.

5. FORTRAN Compiler
DI Source input.
PL Talk to operator.
Listings if HL not requested. ,
sc Intermediate binary scratch file.
HIL List unless PL specified.
DP Relocatable binary output.
PK Input from operator.

6. Disk Prepare Control System

' DI  Relocatable binary input.
PL Talk to operator.
DP Absolute binary output.
PK Input from operator.
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III. FDOS SOFTWARE STRUCTURE
ITI.A. FDOS BOOTLOADER

The FDOS Bootloader is a short program which is stored
in the protected area of memory. After the Bootloader
has been configured (see Section V.D.), it is used

to load the System Loader from disk; the Bootloader has
a second entry that can be used to load a file from
disk whose initial sector address is in the Switch Re-
gister. A listing of the Bootloader is contained in
an Appendix of this manual.

ITIT.B. FDOS SYSTEM LOADER

The FDOS System Loader is the core-resident portion

of FDOS; it is used to locad absolute binary files into
memory from disk. Most FDOS systems programs (as well
as user-added programs, if directed within the program)

. return to a System Loader entry which causes the remain-
der of the operating system to be loaded and executed.
The System Loader is also used by the Run command of the
FDOS Executive to load files from disk. A listing of
the System Loader is contained in an Appendix of this
manual. ' '

IIT.C. FDOS SIO DRIVER

The SIO Driver provides device control and input and
output of records in the ASCII, relocatable binary and
absolute binary modes using disk logical units, cassettes,
paper tape, Teletype, or lineprinter. It also provides

a "system" entry, DIO, which accepts control commands

and provides status returns (as opposed to SIO ervror
halts). :

ITI.D. FDOS MEMORY LAYOUT

The FDOS System Loader resides near the top of memory;
it occupies locations X7534B through X7677B, where X =

1,2,3. . . for 8K, 12K, 16K, . . . . Just below it in
‘memory is the Communications Region, which is used for
interprogram communication. Below that, going down to

around X3f@0B (depending upon the configuration) is the
SIO Driver package. Programs which use the SIO Driver
package (e.g., ASMB, EDIT, CROS) must preserve this
area (th LWA of available memory can be found in- loca-
tion 1@6B). The Executive is normally overlaid by these
programs. The Executive resides in locations 64@0¢B
through 124@#@#B. Its restart address is OLO@@B.

ITI-1



ITI.E.

ITI.F.

ITI.G.

IIT.H.

The Extended Version of FDOS uses down to around
X2000B for the SIO Driver package; the Executive
resides in locations 18860B through 16u4@@B. Its
restart address is 10000B.

These addresses for the Executive(s) are constant -
it does not relocate during System Generation. The
area from 02000B to the lower limit of the Executive
is used as buffer space; the Executive does not over-
lay page zero. ' '

The editor, assembler, etc., load into the lower
portion of memory (preserving 1§1B-1fuB and 106B)

and use as much memory as they find available (the
remainder minus the SIO Driver package, Communications
Region, and the Bootloader in the protected area of
memory) .

FDOS DISK LAYOUT

The FDOS takes advantage of the removability of the
floppy disk media by making each disk a self-contained
entity. ©Each disk has a Disk Directory in track zero,
sector one, and logical unit directories in track zero,
sectors 4,5,6, and 7. These correspond, respectively,
to logical units 4,1,2, and 3. In addition, five
"fixed address files" (sectors 13B, 1u4B, 15B, 16B, and
17B) are reserved for system use. The remaining sectors
of the disk (28B through 1777B) are originally placed
on a free storage list, and then assigned to files as
needed. ‘

FDOS EXECUTIVE

The FDOS Executive provides batch or keyboard control
of utility functions and program loading. Commands
include copying of data from one device to another,
control of cassettes or disk logical units, preparation
and examination of directories, and running named files.

MEMORY RELEASING
The FDOS SIO Driver combines the drivers for the

various peripherals supported into one Driver, thus
eliminating redundant (unnecessary) coding and conser-

‘ving space. During System Generation (see Section V.F.)

the user specifies which peripherals are not to be
used; the corresponding section of the SIO Driver is
thus released, and the appropriate portions of FDOS are
moved up to give the released area to the user.

FDOS SOFTWARE STRUCTURE OVERVIEW

FDOS is a software/hardware package designed to provide
the user of HP 2100 or related computers with the
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utility functions necessary for the use of their com-
puters with a wide variety of peripheral equipment. The
FDOS software provides a modified SIO environment in
which the Exec, Assembler, Editor, FORTRAN and associated
programs run. It provides the necessary interface with
the HP BCS environment, so that relocatable programs
generated by FORTRAN or the Assembler can be loaded in
the usual fashion and run on the same (or other, if
desired) hardware as the FDOS SIO environment programs.

The basic I/0 device of FDOS is the floppy disk. How-
ever, SIO software is record-oriented. Furthermore,
FDOS achieves a uniform treatment of I/0 devices. Thus,
the FDOS disk format is designed to make disk files
look like very long paper tapes. Each disk file is a
chain of disk sectors (128 words per sector). The first
word of each sector is a file identifier derived from
the file name. It is used by the driver for checking-
file integrity. The second word of the sector is a
pointer to the next sector of the file. Special codes
mark End-of-File or End-of-Disk. The pointer contains

a disk address (track and sector). No drive bits are
included in the address, since a given disk cartridge
can be inserted into any drive.

The sectors of the disk are assigned to files from a
list of free blocks, that is, a file composed of all
of the unused sectors. The address of this free list
and the names and addresses of all disk files are kept
in the Disk Directory, which is stored in a certain
fixed sector of each disk cartridge.

Files are attached to a logical unit by means of the

QU and AQ commands. The files comprising a given. logi-
cal unit may or may not be actual disk files. If a
file name appears in a LUD but is not an actual disk
file, then a file with that name is created if output
is directed to it. If input from a non-existent file
is requested, an End-of-File condition occurs on that
logical unit.

The disk logical units are sequential-access devices,
designed to resemble tape drives. The files of a
logical unit are in a fixed sequence. A rewind command
positions the unit to the start of the first file of
that unit. Reaching an End-of-File on a logical unit

' causes the unit to be positioned to the start of the -
next file of that unit. Proceeding beyond the end of
the last file of a logical unit creates an End-of-Tape
condition.
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- FDOS supports up to four floppy disk drives, each having
four logical units. In addition to floppy disks, FDOS
supports a variety of other peripheral devices. The
various physical devices supported are assigned codes

by which references to them are to be made in the var-
ious Executive commands. The following codes and
corresponding physical devices are recognized by the
Executive: '

@ CMTS Deck Zero. This is the "off-line" device
of the Dicom Cassette Magnetic Tape System.
Normally either a console (CRT or TTY) or a
lineprinter is attached.

1 - 3 CMTS cassette decks one thru three.

HT High-speed paper tape. This refers to two
devices - the photoreader and the high-speed
punch. Output to HT refers to the punch; input
refers to the photoreader. Either, both, or
neither can be present in the system hardware
configuration.

LT Low-speed paper tape. This refers to the TTY
reader and punch devices of the HP-interfaced
teleprlnter.

TY This refers to the keyboard/printer or keyboard/
CRT interfaced by means of the standard HP TTY
interface.

LP This refers to the standard HP-interfaced line-
printer. It is an output device only.

D1-D4 Logical units of drive D. The four floppy disk
drives supported by FDOS are refered to by the.
letters D, E, F, and G. The logical units of
each are treated as physical devices.

E1-E4 Logical units of drive E.

F1-F4+ Logical units of drive F.

G1l-G4 Logical units of drive G.

BK The Bit Bucket (an infinite write- only memory ,
a read produces End-of-File)
The Extended Version of FDOS addltlonally recognizes and

supports;

M@, M1 Mag Tape Units Zero and One. Théese are
the HP-interfaced, HP Magnetic Tape Units.
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CR Card Reader. This is the HP-interfaced,
HP Optical Mark Reader (and Punched Card
Reader). This is an ASCII input only device.

In order that application programs which are indepen-
dent of the hardware configuration can be provided with
the system, a set of Functional Units is maintained.
Each of these corresponds to a particular system func-
tion. The actual physical device involved is determined
by a table in the FDOS SIO Driver. The assignment of
Physical Units to Functional Units is made at system
generation time, and can be (temporarily) changed by the
use of the AS command. The codes and corresponding
Functional Units recognized by the Exec are as follows:

DP Data output unit (SIO 1@3B device).

DI Data input unit (SIO 1@1B device).

PL Program list unit (SIO 102B device).

PX Program keyboard unit (SIO 14u4B device).

SC Scratch unit (i.e., pass 1 output of FORTRAN
Compiler). :

HL High-speed 1list unit (11nepr1nter or disk/tape
file).

BC Batch command input unit.

BM Batch message unit.

AP Auxiliary Data output unit.

AT Auxiliary Data input unit.

AH Auxiliary high-speed list unit.

AL Auxiliary program list unit.

AX Auxiliary program keyboard unit.

AS Auxiliary scratch unit.

CL Executive's console list unit.

CK Executive's console keyboard unit.

The FDOS I/0 Driver supports sixteen other units. Users
wishing to refer to these for use with their own applica-
tion programs can use the codes S6, S1, . . ., S15.
Physical and Functional devices are kept track of by

the FDOS I/0 Driver. It maintains two tables;. the
Functional Device Table (FDT) and the Physical Device
Table (PDT).

The Functional Device Table consists of 32 16-bit
entries, which correspond to the unit numbers 4# thru
77B. Each entry has the following format:

Bits #5-09 Physical Unit (or another Functional

Device).
Bits 11-10 Paging character specification;
g Use Null

1 Use multiple Linefeeds

2 Use Extra Paging character (set
during sys-gen) :

3 Use Formfeeds
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Bits 14-12 Index to table of seven line counts for

: page spacing. All devices have 66 lines
per page, and do page spacing after 60
lines. @ means no line counting. Bits
14-10 not # means binary requests (negative
word count) are treated as form-control
commands.

The Physical Device Table consists of 16 8-bit entries,
which correspond to the unit numbers # thru 17B. The
disk Logical Units are handled separately (units 20B
thru 37B). The eight bits are interpreted as follows:

Bit 6 Input capability.
. Bit 5 Output capability.
Bit U4 Disk command capability.
Bit 3 Always zero
Bit 2 Defines a non-file oriented device (viz, Deck

Zero, High-speed Tape, Low-speed Tape, TTY,
Lineprinter).
This arrangement corresponds to the contents of the
Command Requirement Table, indexed by driver commands.

The FDOS I/0 Driver provides a '"sense" call for sensing
the capabilities and identity of a Functional or Physical
Device. The status words returned have the following
format: ‘

B Register

Bits u-p¢ Physical Unit.
A Register :
Bit 14 Device has input capability.
Bit 13 Device has output capability.
‘ (Bits 14-13 both zero if device doesn't
exist).
Bit 12 Device accepts disk commands.
Bit 11 (Last) Functional Device does line count-
‘ ing. If a zero, device accepts binary
output commands; if a Physical Unit is
specified in the call, this bit is zero,
i.e., all Physical Devices which do out-
put have binary rather than list capabi-
lity. Only Functional Devices can have
- page formatting (line counting).
Bit 18 Set if device has file-oriented (logical)
hardware. :
Bits 6-U4 Line counts (from 14-12 of FDT or command).
Bits 3-2 Paging Character (from 11-16 of FDT or
‘ command) .
Bits 6-2 are taken from the noted FDT locations,

except for three casesg
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1. If the device has no list capability (bit 11
= ), then bits 6-2 are zero.

2. If the ultimate Physical Device is one which
ignores functional line counts and page spacing
characters (viz, Lineprinter, TTY, Deck Zero,
Bucket), bits 6—4 are zero and bits 3-2 are 3
(Formfeed).

3. If the ultimate Physical Device is a disk
logical unit, then bits 6-4 reflect the actual
line counter, but bits 3-2 are 3 (Formfeed),
since Formfeeds are always used for page
spacing on disk loglcal units.
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Iv.

Iv.A.

IV.B.

SIO DRIVER PACKAGE DETAILS

The SIO Driver package contains a combined driver cavable of
supporting the FDS, the cassette system, console device,.line
printer, and high-speed paper tape equipment; a System Loader;
and a communication Region. The package also includes a con-
figuration section to enable the user to adapt the package to
a particular hardware arrangement and memory size.

THE SYSTEM LOADER

The System Loader is used to load other programs under Executive
control, or for automatically reloading the Executive bQfter the
execution of another program. This latter function is accomp-
lished by means of a transfer to location X754¢B, X7542B, or
X7544B (see Section V.E.3). The locations X7534B-X7677B must
not have been changed by the other program. These 144B locations

‘constitute the only portion of the system which must remain

resident in memory for continuous automatic operation.

The function actually accomplished by the transfer to X754@B, X7542B,
or X7544B is the automatic loading of one of the fixed address files
(sysl, sys2, and SYS3), thus bringing the system up from one of the
three levels of restart (see Section V.B). If the SIO Driver
package is to be used without the Executive, these functions must

be modified, or appropriate programs must be placed in those files.

The loader also has available another entry, ELOAD, described
below. This entry allows the specification of the sector from
which to start loading. As in the case of the other System
Loader entries, the address of the first location loaded is
immediately stored in location 3B, and JMP 3B,I is executed
upon completion of the load, unless another address is specified
in STRTA (see below). ‘ : '

THE COMMUNICATION REGION

The Communication Region is a set of locations referred to by
other programs. They are gathered together into the area
directly below the System Loader so that their actual octal
addresses can be kept constant, despite any changes which may
occur from time to time in the driver or loader programs. The
following items make up the communication region: '
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LERR (X7537B). This cell has two uses. First, the System
Loader uses it to indicate that there has been an error in
loading the Executive or some other program. In this case,
LERR is set to -1, and a transfer is made to X7544B to reload
the system via a "cold start".

The second use for LERR is for interpass loading. LERR is set
to the address of the program name in core (three words contain-
ing up to five valid ASCII characters, which are left-justified
and zero-filled; this is preferably on the base page so that the
Execut%ve will not overlay it), and a transfer is made to X754¢B
to load. the Executive, which in turn loads the named program.

BTCHF (X7536B). This word specifies to the Executive whether
control input is to come from the CK unit (on-line mode,
BTCHF = @) or from the BC unit (batch mode, BTCHF = -1).

STRTA (X7535B). This word is used to pass a starting address
to the loader. If this is set to zero, the starting address
will be determined as explained above. Otherwise, the contents
of STRTA will be used as the address to which to transfer after
loading.

JSYST (X7534B). This word contains a jump to X7540B.

PARAM (X7524B - X7533B). These locations are used for passing
parameters between programs. The Executive Run command passes
up to seven parameters according to the following convention:

PARAM: Contains the number of parameters passed.
PARAM+n: cContains the value of the n-th parameter.

The Executive's interpass loader does not modify the parameter
area.

ELOAD (X7523B). This cell contains a jump to the generalized
load entry point. A transfer to ELOAD with a sector address -
in the A register will cause one file to be loaded starting

at that sector. control will then pass to the loaded program
as described above (see STRTA).
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AFLG (X751@B). This word is used by the SIO driver routines
to indicate the type of binary data being processed. AFLG =
141B for absolute binary; for relocatable binary AFLG = {.
This must be set by the calllng program.

GSFLG (X7515B). This word is used by the Driver routines to
control treatment of "group separator" (Form Feeds and the
Extra Paging Character). If GSFLG = ¢, then group seperators
are not passed to the calling program; if GSFLG # @, then

group seperators are treated the same as other characters.
GSFLG is normally set to zero by the Executive before executing
a2 Run command.

P.FDT (X7521B). This cell contains the address of the functional
device table. This is a table used by the driver in processing
references to functional devices.

P.PDT (X752@B). This cell contains the address of the physical
device table. This table is used by the driver to store informa-
tion about the availability and capabilities of the physical
devices supported by the system.

P.DIO (X7522B). This cell contains the address of DIO, the
"system" entry to the FDOS I/O driver (see Section IV.C.1).

P.CIO (X7512B). This word contains the address of the CIO
(Custom SIO) entry to the driver. The program may provide it- "
self with SIO style calls (A = count, B = buffer, JSB, return to
following location) and implicit commands (see Section IV.C.2c).

P.XIO (X7517B). This cell contains the address of XIO, the
"tailored" entry to the driver (see Section IV.C.2b).

NLOGU (X7513B). This word contains the negative of the number
of Logical Units for FDOS (four per drive). '

NBUFS (X7514B). This word contains the negative of the number
of buffers allocated to the FDS driver. NBUFS is established
at Sys-Gen time (see Section V.F.14).

Data is stored on disk in fixed, 128-word blocks (sectors); this
'is a basic hardware characteristic of the disk. From a soft-
ware standpoint, data must be transmitted in record-oriented form;
record length, however, is variable (usually approximately 36 or
60 words - see Section II.C). Therefore, the FDS Driver uses no
relationship between records and sectors; rather, data are read
from or written to disk in sector blocks, using core-memory buf-
fers to parse out records or accumulate records. Operation of

IV - 3



Iv.cC.

the sector buffering is transparent to the user;  if a record
starts in one sector and continues to another, the next sector
is managed automatically. :

The buffers are pooled and shared, and hueristically assigned
and used. The greater the number of buffers available for

disk usage, the less overlap in the usage; therefore, the num-
ber of disk accesses is decreased and thruput is increased.
Since each buffer requires 129 words of core, a balance between
the number of buffers and the amount of available memory must
be determined for optimum operation; the minimum number of
buffers is two, and the maximum is fourteen (see Section V.F.14).

It should be noted that the assignment hueristics allow data to
accumulate in the buffers. It is the purpose of the ZS command
of the Executive to clear out these buffers before switching
disks so that sectors from the old disk, which are kept in core,
are not interpreted as being from the new disk. :

FDOS DRIVER CALLS

1. The FDOS "system" driver entry is DIO. The calls to DIO
have the following form:

JSB P.DIO,I
DEF TABLE ADDRESS OF ARGUMENT TABLE
(returns here with A & B set per IV.C.1ld)

P.DIO DEF X7522B,I POINTER IN COMM. REGION TO DIO

TABLE ABS (command)SPECIFIES OPERATION AND DEVICE
NUMB DEC (count) SAME AS SIO (A) SETTING FOR TRANSFERS
BUFF DEF (address)SAME AS SIO (B) SETTING FOR TRANSFERS

la. The Command word specifies the operatlon in bits 9 thru 6;
these are coded as follows:

CODE OPERATION

gg Skip to start of next file
g1 Rewind

@2 Read a record

g3 Write a record

ga Write an End- of—Flle

g5 Name - Hookup ‘

g6 (Not used in FDOS- II)
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27 (reserved)

14 (reserved)

11 (reserved)

12 Skip a record
13 (not used)

14 (not used)

15 Sense

16 (not used)

17 (not used)

The Device is specified in bits 5 thru g (see Table II-1l). Bits.
14 thru 1@ may be used to specify line counter/page character
as in the Functional Device Table (FDT). Bit 15 must be zero.

1b. The Count word specifies the number of operations or the
amount of data:

For skip operations, specifies the number of files
or records to skip; use a positive count for ASCIT
data, and a negative count for binary data.

For Rewind, WEOF; and Sense operations, count is
ignored.

For transfer -operations, count specifies that length of
data to be output or buffer available for input. If
negative, it is minus the number of 16-bit words. If
‘positive, it is the number of 8-bit ASCII characters.

If ASCII is specified (positive A on call), records ;
are read up to the carriage return and line feed codes.
These codes are also written at the end of each ASCII
record output. They are not transferred to the buffer
on input, and they are not counted in determining the
total number transferred on either input or output. If
an odd number of characters is read, an extra space is
supplied to fill out the last word.

If binary is specified (negative A on call), data
words are written from or read into ascending core
addresses with the high order half-word correspond-
ing to the first character input or output for that
word. If an odd number of characters is read in a
binary read, an extra zero is supplied.

,Fo? Name Hookup, a code to specify the type of poéitioning;

g.= d%sk file name, -1 = a numeric positioning, such as a
cartridge track number (not used, for expansion only).
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lc. For transfer operations, the Address word specifies the address
of the buffer. On Name Hookup, the Address specifies the address of
the name (3 words) or the address of the number (1 word).

ld. On return ffom the DIO call, the contéﬁts of B contains the
- physical device number (see Table II-1), and the contents of A is
set as follows: : :

1 for successful skip, rewind, write,
write EOF, NAME HOOKUP

(n)

(A) = number of words or characters for
successful read

(A) = @ if file mark detected

'ERRORS: (A) = -1 if not ready
(A) = =2 if write locked
(A) = -3 if end-of-tape while reading
(A) = -4 if error status while writing
y(A) = -5 if error status while reading
(A) = -6 if end ofbtape while writing
() = =7 ifvformat error on FDS (wrong name in file)
(a) = -8 if nonexiétent device*®
(A) = ~9 if illegal device reference
() = -1g if nonéxistent command
*Non-existent device, physical dévice 173 (A = —S, B = 17B),

means FDT assignment loop.

NOTE: If an error occurs and bit 15 of B is set, a drive related error
has occured (not related to a logical unit such as disk full, ?ormat .
error, or write protected) and bits 5-@ are coded as for a logical unit.

2. Other FDOS Driver entries are SIO, XIO, and CIO. To use
any of these entries, a JSB to it should be made with the
following register contents: -

(A7) = count (see Section IV.C.1lb)

(B)

address of buffer (see Section IV.C.lc)
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Successful return is made to the location following the JSB, with
the following register settings:

(A) = one for successful Skip, Rewind, Write, WEOF,
or NAME HOOKUP operations;

(A) = zero if file mark detected; or

(A) = number of words or characters transfered for
read operation.

(B) = physical device number used for operation (see
Table II-1).

When these entries are used, error halts occur, .as opposed to
status returns as in DIO. These error halts are:

HLT 61B Device not ready.v

HLT 62B ’Device write locked.

HLT 63B End of tape in read.

HLT 64B Error during write.

HLT 65B = Error during read.

HLT 66B End of tape during write.
HLT 67B Disk format error. |
HLT 7¢B . Non-existent device.

HLT 71B Illegal device reference.
HLT 72B Non-existant command.

When these halts occur, the registers are set as follows:
(A) = address of call

(B) = physical device used (see Table II-1). If bit 15 is.
set, then bits 2 and 3 define the drive used when
accessing the disk directly (without using disk
logical units); bits 2 and 3 = @B define drive D, =
1B define ‘E, = 2B define F, and = 3B define G.
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Pressing RUN will cause the command to be re-executed. Multiple

record or file skips will re-execute the entlre number, even if
one or more has already been skipped.

2a. Standard Hewlett-Packard software,‘whlch uses SIO drlver
calls, makes use of fixed locations in memory:

141B
1928
1938
1948

1758
1968

1478

P.RE Address of SIO input entry

P.LXI Address of SIO list entry

P.BO Address of SIO output entry

P.KY Address of SIO keyboard entry

P.FW First word address of available

memory :
P.IW Last word address of available
' memory

P.MT A flag used by HP MTS (not usable in FDOS)

The Dicom combined SIO driver package sets all of these (except
P.FW, which is normally set by individual programc)as follows
(see entry names above):

141B
1¢QB
1838
1#4B
1g6B

197B

P.RE

DEF sId.I (uses DI)

DEF SI0.0 (uses PL)

DEF SIO.P (uses DP)

DEF SIO.K (useé PK)

DEF (last Word‘before driver package)

NOP (not usable - must be )

The SIO calls have implicit commands associated w1th them;
that is, read or write on functional units.

2b. The XIO calls allow explicit commands to be used, but are
treated like SIO calls rather than DIO calls in regards .to errors.
The XIO calls are of the form:
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IDA (count)
IDB (address)
JSB P.XIO,I
ABS (command)
(return)

.P.XIO DEF X7517B,1I POINTER IN COMM. REGION TO XIO
The command may be any valid command (see Section IV.C.la).

2c. The CIO calls also allow explicit commands to be used, but
are of a double subroutine level; the outer level uses implicit
commands. Errors are treated in the SIO fashion as explalned
above. The CIO calls are of the form:

LDA (count)
IDB (address)
JSB SI0. U
(return)

SIO.U NOP
JSB P.CIO, T
ABS (command)

P.CIO DEF X7521B,I POINTER IN COMM. REGION TO CIO

Note that no return is needed from the SIO.U routine; if an error
halt occurs, then the A Register will contain the address of the
JSB SIO.U. However, SIO0.U must be exactly three words long (entry
JSB, and command). ABS can be any legal command; (see Section
Iv.C.la.) '

3. Utility commands exist within the combined driver. A command

of minus one causes all the sector buffers to be cleared (see
Section IV.B); this is what occurs when the Executive's 2ZS command
is used. This clearing of buffers should be accomplished prior to
‘removing a cartridge from a drive, thus removing holdover sectors
from the buffers. :

It should be noted that even though the address word (B in the

SI0/XI0/CIO calls, or table entry three in DIO calls) is not used,
it is evaluated, and therefore must not cause an indirect loop.
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IV.D.

Other utility commands (negative value command word) exist in

the combined driver; the user is referred to the listing of the
driver for these. ~

FDOS DRIVER OPERATIONS

The action and idiosyncracies of the SIO/XIO/DIO/CIO commands and
devices are as follows:

1. Skip to start of file, octal @+UNIT; skips past the number of
End-of-File marks specified by the count. On file-oriented devices
(disk or cassette) this is done by moving over files, but on paper
tape type devices the data must be read to determine the End-of-File
marks; therefore, the count must specify the mode (positive for
ASCII, negative for binary). The sign of the count has no effect

on a file oriented device. : '

A count of zero results in no action being taken. If an error halt
occurs, continuing will cause the entire number to be skipped
again. If, on a paper tape type device, a multiple file skip is
done and an intermediate End-of-File mark consists of over 20 nulls,
then the first ten constitute the EOF and the subsequent group of
ten nulls are ignored until a non-Null character is found. However,
if the last file mark of the skip consists of over 20 nulls, the
skip ends when ten are found, and a subsequent read (without manual
intervention) will find ten more, resulting in an EOF (most programs
ignore an initial EOF). A device must have input capabilities to
do a skip; the Address parameter is ignored.

2. Rewind, octal 1@@+UNIT; on a file-oriented device (disk or
cassette), positions to in front of file #l. On paper tape type
devices, executes a HLT 6B (even if a DIO call) to allow manual
intervention before continuing.

A device must have input or output capabilities to do 'a rewind. On
disk, even if no files are in the LUD, there is no End-of-Tape indi-
cation (until some forward movement 1is given). The count and the
address parameters are ignored.

3. Read a record, octal 2@@+UNIT; reads a record in the specified
mode into the specified buffer of a specified length, one character
at a time. The Address word may be indirect. The count must be
positive to indicate the number of ASCII characters, or negative to
indicate the number of binary words. Characters are interpreted as
they are read. In binary, only the first character, as the record
length; in ASCII, all characters as to meaning (Nulls ignored,
Rubout deletes line, Return ignored, Linefeed ends record, CNTRL/H
deletes preceeding character of line, Extra paging character con-
verts to Formfeed, Formfeeds ignored or passed according to GSFLG)

If the buffer address is zero,‘then the count is ignored and no

data is transmitted to the user (this is a skip one record); other-
wise, if the count is zero, no action takes place and A is returned
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as 1. Reading continues until a record containing some data is
found. If a record is larger than the specified buffer length,
then the extra characters are not transmitted and input continues
to the end of the record (to leave the device properly positioned
for the next record). Finding a physical EOF (on file-oriented
devices) or finding ten Nulls at the start of a read operation is
interpreted as EOF (file oriented devices are always left past the
physical EOF). If an odd number of characters is read in a record,
the last word of the buffer is filled with a zero if binary, or a
space if ASCII (although the space is not included in the count
returned). In ASCII, if a Linefeed is not preceded by a Return
or a Linefeed, then a Return is echoed if appropriate for the
device (i.e., on TTY, and Deck Zero). A device must have input
capabilities to do a read. ‘

4, Write a record, octal 3@@+UNIT; transfers the specified number

- of words or characters from the specified address in the specified
mode, or does a format control to the device. In ‘binary transfers,
the count is the negative number of words, and those words are trans-
ferred with no processing, but some (physical device. dependent)
processing is done at the end of. the record - paper tape type have
four Nulls following, cassette has a physical end-of-record

following which signifies logical end-of-record on binary input,

disk has no processing (and records could theoretically be
concatenated).

In ASCII transfers, the count is the positive number of characters,
and these characters are transferred (except for nulls and except

for the last character if it is a backarrow). A Return and Linefeed .
are output unless the last character of the record is a backarrow.

If the Return and Linefeed are output and a line count is being kept
(and the count goes to 6g) then the specified paging is done for

the device and the line counter is reset.

In format control, a zero count always means output a Return and a
Linefeed. If the device is a list-capable unit, then the negative
count means formatting rather than binary. A minus one means top

of form. All other negative values are ignored. Format control
ignores the address parameter. A device must have output capability
to do a write. :

5. Write an End-of-File, octal 4@@+UNIT; on a file-oriented device,

a physical End-of-File is written and, on disk, the unit is positioned
to the begining of the next file. On the lineprinter, two pages are
ejected. On paper tape type devices, if it is a list-capable device,
a Formfeed, a Rubout, and a Linefeed are output followed by, or if
a binary device, only, 22 nulls (to allow for over ten nulls and
tear-off space on Low-speed Tape, or to allow time to tear off the
page on TTYs), and, if High-speed Tape, 1¢@ nulls for leader/

trailer. A device must have output capabilities to do a WEOF.

6. Name Hookup, octal S5@@+UNIT; passes to disk logical unit a
name. The count parameter must be zero (a flag) and the address
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IV.E.

points to the name (up to five valid ASCII characters, left-
justified and zero filled in three words). The logical unit
temporarily remembers the name, and, with the next access, pro-
ceeds with that file (randomly accessed via the Disk Directory)
as if it had been in the LUD at that point. The name is not
remembered after the first motion access to that logical unit,
but the logical unit will be in the file until it leaves for
some reason (Rewind, Skip, WEOF, or EOF read, etc.). If the
logical unit leaves the logical unit at the EOF (rather than a
Rewind) it will be positioned as it was before the Name Hookup,
unless it was in a file, in which case it will be at the begin-.
ning of the following file.

The Name Hookup command provides for a number to be passed (count
= -1, address points to number) for count-selection type purposes
in other type devices. A device must have disk command capabi-
lities to do a Name Hookup.

7. Verify a record, octal 6#@+unit; Has been ELIMINATED due to
its inaccuracies - since it would not properly handle ASCII
records containing. Rubouts or CTRL/H (as the buffer and Success/

~Fail were already affected by the deleted characters), and since

it did not take into account the lengths of the two records.
This command now produces a. nonex1stent command error (HLT 72B
or A = -18). :

This does not affect the Executive's verify command (VE), nor
did the Executive's command have the aforementioned problems.

8. Skip record, octal 12ﬂﬂ+unit the specified number of records
are read (under the same condltlons as read) in the specified
mode, but no data is passed to the user.

9. Sense device, octal 15ﬂﬁ+unit; the status words returned as
defined in Section III-H.

SPECIAL CONSIDERATIONS OF THE EXTENDED VERSION ADDITIONAL DEVICES

1. Card Reader; The card reader will not accept requests for
binary input or any type of write; such a request will produce
an illegal device reference error (HLT 71B or A = -9). ASCII
is generated from the Hollerith (#29) of the cards using the
relationships of the original HP SIO Driver, with the addition
of the Formfeed and Rubout characters, and End-of-File cards.
A linefeed (end of ASCII record) is automatically generated at
the end of a card, and trailing blanks are ignored (including
an entirely blank card).

The special translations produced (non-industry standard) are:

ASCII 029 Key

[ (shift/K) B Cent Mark

] (shift/M) Not Sign

4 (shift/N) , Vertical Bar
¢ (shift/0) Underline

N (shift/L) "g-g-2"
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Formfeed : Multipunch 12-4-8-9
Rubout Multipunch 12-7-9

End-of-File Card /% in Columns 1 and 2

The Formfeed character was added to allow formatting a deck
for listing with the Executive LIST command, and should be on
a card by itself, and in column one (this is an expectation of
the Executive, not a requirement of the driver). The Rubout
character was added to allow a card to be "hidden" in a deck -
physically present but logically ignored.

2. Magnetic Tape, in ASCII mode. Logically, the MagTape in
ASCIT mode behaves like any other devices; to do this at the
speed of the tape requires buffering the processing. A disk
buffer is "borrowed" and characters are accumulated therein and
written as a block or read as a block and extracted therefrom.
All of this is transparent to the user under FDOS using tapes
generated under FDOS or MTOS. For a more detailed explanation,
including handling of tape records generated under HP MTOS, see
Appendix H.

3. Magnetic Tape, in BINARY mode. Due to the way MagTape is/was
processed under MTOS, and since MagTape is frequently used for
transferring data from one computer to another, the processing of .
MagTape binary records is different from normal processing of
binary records from other devices. A binary Skip Record skips
physical tape records, without reading them and ignoring all

error status except End-of-File and End-of-Tape (thus bad records
can be skipped); a binary Read or Write transfers directly

between user core and the MagTape one physical record of (up to)
the length specified, as words, and without any logical processing
(such as word length in the high byte of word one, or leading nulls
being ignored and/or counted to cause EOF), this is to allow
reading or writing of large blocked data from/for other computers.
However, again things are handled in such a way that these consi-
derations do not affect the user when dealing with tapes generated
by normal program under FDOS or MTOS.
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FDOS_CONFIGURATION

The FDOS software is shipped in both a "standard" configuration

and a "skeleton" configuration. Thus, the user can configure.

his hardware per the "standard" software configuration and get
the FDOS "on-the-air" immediately; or the user can use the
"skeleton" portion and tailor the software for the memory size,
interface channel assignments, and functional unit assignments
that match his specific requirements.

FDOS "STANDARD" CONFIGURATION

The "“standard" software‘eonfiguration shipped can be installed
per the "Installation of Software" appendix of this manual
This software conflguratlon is as follows: '

Memory Size - 12K

Channel Assignments -

* 1B = FDS Data channel

* 11B = FDS Control Channel ,

* 12B = Console Device Interface channel (HP-interfaced

teleprinter)

*# 13B = Photoreader Interface channel

14B = Cassette System Interface channel

* The Line Printer (if available) is attached to Physical
Device zero (cassette system "deck zero") ' '

*

Functional Unit Assignments -

* Disk drive D as the "system library device" used by
the Bootloader, System Loader,,and the various system
processors

* E1 as the SIO Input Unit (DI) used by the Executive
default conditions (when applicable) and the various
system processors

* E2 as the SIO Output Unit (DP) used by the Executive
default conditions (when applicable) and the various
system processors -

*¥* E3 as the High Speed List Unit (HL) used by the various

+ system processors '

* E4 as the scratch area (SC) used by the FORTRAN Compiler
as temporary storage for the 1ntermed1ate file (between
pass one and two) :

* All keyboard units (CK, PK, and AK) assigned to the
HP-interfaced Teletype (TY) _ :

* All low-speed list units (CL, PL, AL, and BM) assigned
to the HP-interfaced Teletype (TY)



Auxiliary Input (AI) assigned to the photoreader
Auxiliary Output (AP) assigned to cassette deck one
Auxiliary Scratch (AS) assigned to cassette deck two
Auxiliary High-speed List assigned to the cassette
system "deck zero" (lineprinter)

Batch Command assigned to D2

* D4 as the library device for the Relocatable Library
used by the Absolute BCS file ’

® % % *

*

FDOS INITIALIZATION AND LOADERS

' The FDOS software makes available a number of different levels

of restarts and initializations in order to accomodate  the
varying needs of users and software packages. The FDOS
software is supplied on a "skeleton disk" which contains seven
files (designed specifically to facilitate startup procedures)
plus the other FDOS program files. The seven specific files
are: - , '

The unconfigured Bootloader

The configured System Loader

The "Skeleton" file (SYS{®) .

The "cold start" file (SYS1) ounzww sl Gt

The "warm start" file (SYs2) 5™ 7Vr¥s

The "Executive" file (SYS3)

The "System Map" file (SYSM)

* ok ¥ ok F ¥ *

1. The unconfigured Bootloader is designed to be loaded by

‘ the Keyed-In Loader (see Section V.C). Once the unconfigured
Bootloader has been loaded, it can be configured for channel
assignments and memory size, and the configured Bootloader
moved to the protected area of memory (see Section V.D).

2. The "Skeleton" file (SYS@) contains the unconfigured System
Loader, unconfigured SIO Driver package, unconfigured Exec-
utive, and the System Generator. Special precautions are
taken in the FDOS software to protect this file: (see Section
VI.F.2); thus, it is always available to the user for use
in building a new FDOS software configuration.

3. The configured System Loader resides in sector zero of
the disk, and is normally loaded via the configured Boot-
loader. The System Loader is the "core resident" portion
of FDOS. On the "skeleton disk" shipped from the factory,
the System Loader is configured per Section V.A; when the
configuration (see Section V.F) is performed, a new System
Loader is written in sector zero. - - '



The "System Map" file (SYSM) contains a listing of all
peripheral device channel assignments, all functional unit
assignments, and other system configuration details.

This file can be printed on the Teletype with the following
command string (see Section VI.F.2):

SE;TQ D1,SYSM;LI D1,CL

Section V.G shows a printout of SYSM for the "standard"
software configuration. The Functional Unit assignment
portion of the System Map can be printed dlrectly w1th

the List All units (LA) command. :

The three remaining files (SYS1l, SYS2, and SYS3) contain
the configured (per Section V.A) FDOS software system;
when the system generation is performed, a new software
system is written into these files. Special precautions
(see Section VI.F.2) are also taken here, so the System
Generator is the only package that can normally write in
these files. : .

Track zero of all disks is reserved for system control
information (directories, etc.); the various "system" files
start and/or reside on track zero. This track is allocated
as follows: ‘ ‘ ‘

Sector @ Configured System Loader

Sector 1 Disk Directory

Sector 3 Unconfigured Bootloader

Sector 4 Logical Unit Directory, unit 4
Sector 5 Logical Unit Directory, unit 1
Sector 6 Logical Unit Directory, unit 2
Sector 7 Logical Unit Directory, unit 3
Sector 13 Starting Sector of the "System Map"

file (SYSM)
Sector 14 Starting sector of the "Skeleton"
file (SYS®)
Sector 15 Starting sector of the "Cold Start"
v file (SY¥YS1l) v '
‘Sector 16 Starting sector of the "Warm Start"
file (SYS2)
Sector 17 Starting sector of the "Executive"
' file (SyYsS3) _
All other sectors of track zero (sectors 2,10,11, and 12)
are reserved for expansion. The remaining disk area
(tracks one through 64) is used by the remaining FDOS pro-
grams, or is available to the user.
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FDOS KEYED-IN LOADER

The FDOS Keyed-In Loader is a program used to load the uncon-
figured Bootloader from sector three of disk D. The Keyed-In
Loader is designed to be as short as possible, since it is
intended to be entered from the front panel of the computer.
Since the unconfigured Bootloader is in a special format, it
must be loaded with the Keyed-In Loader; the Keyed-In Loader.
cannot be used for loading any other file from disk.

To commence the configuration process, enter the Keyed-In
Loader shown below (refer to "A Pocket Guide to the 2100

Computer" or to "A Pocket Guide to Hewlett-Packard Computers");
then configure the remainder of FDOS per Sections V.D and V.E.

% FDOS KEYED-IN LOADER
* .
% THIS PROGRAM LOADS THE UNCONFIGURED BOOTLOADER INTO MEMORY
% (STARTING AT LOCATION @76@¢B) AND HANGS. WHEN THE PROGRAM
% IS STARTED, THE DISK WILL CLICK; THE UNCONFIGURED BOOT-
% LOADER IS IN CORE 'INSTANTLY'. PRESS HALT. NOW CONFIGURE
% THE BOOTLOADER PER SECTION V.D.
*
82908 ORG 2#@7B
* .
Z2@3@¢ 1¥31DCro START CLF DAT MAKE SURE FLAG IS CLEAR
g2001 ge2g14 LDA READ © READ COMMAND '
g2g@2 ge6dls - LDB CORE ~ ADDR TO LOAD INTO
g20@¥3 1@26cCC 15 OTA CMD SEND
g2gga 1g37cc /5 STC CMD,C. - THE COMMAND
g2¢@5 1¢423DC/© LOOP SFS DAT WAIT FOR
g20d6 @260@5 JMP *-1 DATA FLAG
@2@@7 1@25DC 10 LIA DAT INPUT A WORD
#2@1g 1@37DC I° STC DAT,C ACKNOWLEDGE
g2g11 178831 STA B, I STORE WORD
g20912 ggegaa INB BUMP STORAGE POINTER
g2@13 @F260@5 JMP LOOP’ GET ANOTHER WORD ,
@2014 @20@3@F3 READ OCT 20@@3 - DISK D, SECTOR THREE -
g2015 @g@768% CORE OCT 7688 ' .
. ,
* DC IS THE DATA CHANNEL (NORMALLY 1@B)
*# CC IS THE CONTROL CHANNEL
. ,



FDOS BOOTLOADER CONFIGURATION

" The FDOS Bootloader is designed to load the configured System

Loader from sector zero of disk D; it has a second entry that
can be used to load any absolute file from disk D whose initial
sector address is contained in the Switch Register. The Boot-
loader is supplied on the "skeleton disk"” in sector three;

it is not configured. '

1. To configure the Bootloader, enter the Keyedfin Loader
(see Section V.C) and place the "skeleton disk" in drive
D. Preset the computer, then start the Keyed-In Loader
at @200@B to load the unconfigured Bootloader and its
configurator. Halt the computer, then restart it at
g760@B; the configurator program will come to a series
of halts: S :
HLT 74B Enter the disk data channel in the
Switch Register (normally 1@B) and
press RUN. '

HLT 75B Enter the disk control channel in the
Switch Register (normally the lowest
priority channel, although it can
be of higher priority than any
asynchronous device) and press RUN.

HLT 76B Enter the memory size mask (X77J@B)
" in the Switch Register, enable the
loader area, and press RUN. The
Bootloader will be configured and ‘
moved to X77¢@YB, i.e., the protected
area of memory. Use X = 1 for 8K,
2 for 12K, 3 for 16K, etc.

HLT 77B Configuration complete; protect;the
loader area.

2. The configured Bootloader has two entry points:

X7700B Ioad a file from disk D, sector zero;
- this is normally the configured
System Loader.

X77%1B Load a file from disk D whose initial
' sector address is contained in. the
Switch Register. (If using a 2114,
the LOADER ENABLE switch on the inside
of the front panel must be in the ON
position to start at location 177@1B.)



After execution at either of these entry points, the Boot-
loader will halt with the P Register equal to 2B; if the
configured System Loader was the file loaded, it can be
executed by just pressing RUN. This is possible, since

the System Loader (as it is being loaded by the Bootloader)
sets location 2B to a jump indirect through 3B, and sets
location 3B to X7544B (the "cold start" entry point); upon -
successful loading, the Bootloader halts with the P Register
set to 2B. Since most absolute program files also set
locations 2B and 3B in this manner, this feature can be used:
to load and execute those files. ‘

FDOS SYSTEM LOADER

The System Loader is intended to remain in memory at all times.
When not resident in memory, it can be loaded by the protected
Bootloader. = The System Loader has three entry points: ‘

X7540B Standard Exec reload; load the file starting
at sector 17B. This entry is used by the
ASMB, EDIT, CROS, etc., programs. It leaves
the SIO area, Communications Region, Logical
Unit Parameter Tables, and buffer status intact.

X7542B Load the file starting at sector 16B, the
"Warm start"; the SIO and Communications
Region are reloaded, and a transfer to X754@B
is made to reload the Exec. The Logical
Unit Parameter Tables and buffer status tables
are left intact. This is intended to restore
the original SIO configuration after a
temporary reconfiguration.

X7544B Load the file starting at sector 15B, the
"Cold start"; this is intended to be used when
‘the contents of memory can no longer be counted
on, such as after a program which does not
preserve the SIO area has been run. This
start must be used if the system ever "crashes".
This start initializes the Logical Unit
Parameter Tables and the buffer status tables,
and transfers to X7542B for a "warm start".

On the "skeleton disk" shipped from the factory, the System
Loader is configured per Section V.A.; when the configuration
(see Section V.F) is performed, a new System Loader is written

in sector =zero.



FDOS "SKELETON" CONFIGURATION

The “"skeleton" file (SYS@) contains an interactive System
Generator section, the unconfigured SIO Driver, the uncon-
figured System Loader, and the unconfigured Executive. When
SYSZ has been loaded and executed, the user can tailor FDOS
to a particular hardware configuration, memory size, unit
assignment, etc. This is accomplished by typing responses
to questions asked by the System Generator; after the con-
figuration parameters have been entered and verified, the
System Generator (optionally) writes a configured FDOS
software system into SYS1l, SY¥S2, SYS3, and SYSM of disk D.
It should be noted that this System Generator can be used to
prepare an FDOS disk for a computer system with a different
hardware configuration from the one it is being run on; the
only restrictions are that the current system has at least

-as much memory as the target system, that the disk data and.

control channels are the same on both systems, and that the
console device has the same channel number on both systems.

Following is the configuration procedure:

1. Bootload SYS@ using the X77@1 entry of the Bootloader

with the Switch Register set to 14B. To execute the file after
such a load, press RUN; the computer will execute a HLT 5@B.

2. Set the Switch Register to the channel number of the console
device (functional units CK and CL); if the console device

is interfaced thru the cassette system deck zero, set bit 15
also. Press RUN. , T

3. The program types
SYSTEM ID:

requesting up to sixty characters of ID information to be used
to label the resultant configured disk. This ID information
will be written in the System Map (SYSM) file if "write

system to disk" is specified later on in this system gener-
ation procedure. ' : ‘

NOTE: Responses to questions are terminated by Carriage
Return-Line Feed. If an error is made in answering

the questions in Step 4 and beyond, the System Generator
can be restarted at Step 3 by typing "ER". The valid
responses are "NO" to indicate that the device is not
available, a two-digit octal number defining the device's
channel number, or responses defined in the descriptions
below. ’



4, If bit 15 was not.set’in Step 2 above, the program types
TELETYPE CHANNEL: CC

where "CC" is the two digit octal number that was entered in
the Switch Register in Step 2 to define the HP-interfaced
Teletype channel. If an HP-interfaced Teletype was not defined
in Step 2 (bit 15 set), the program types

TELETYPE CHANNEL?

requesting the HP-interfaced Teletype channel number.
Reply appropriately. If "NO" is typed, the program proceeds to
Step 7.

5. The program types
USES PAGING OPTION?

requesting the option to be used to format printed pages on
this Functional Unit (CL).  Respond by typing "L" for Linefeed,
"F" for Formfeed, "N" for no page spacing, or "X" for the Extra
Paging Character (see step 18).

5a. The program types.
BACKSPACES ON CTRL/H?

wanting to know whether to echo the deleted character after

a CTRL/H (delete character) input from this device. If the
device interprets (generally true only of CRT) the CTRL/H

as a Backspace by repositioning its carriage or curser to the
left ( such as HP-2640A terminal ) then the echoed character
would only overwrite the last visible character typed and appear
to have no or the wrong effect. So if the device does so
‘reposition, answer YES and the cursor/carriage position will
record what has been deleted; .if not, answer NO and the charac-
ters will be echoed to record current line position. (The
device is originally assembled equivalent to YES)

6. The program types

HAS LOW SPEED TAPE'>
thus asklng if the HP-interfaced Teletype is to be used for
paper tape input or output. Reply by typing "YES" or "NO".
If "YES" is typed, the program types

PUNCHING AND PRINTING SEPARATE?

thus asking if the HP-interfaced Teletype is an ASR33 or ASRSS
Type "NO" if ASR33; type "YES" is ASR35 :
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If an ASR33 is defined, then under normal FDOS operation the

computer will halt (HLT 56) before outputting to the ASR33
paper tape punch to allow the operator to turn on the punch;

when punching is complete, the computer will halt (HLT 55) to
allow the operator to turn the punch off.

7. The program types
HIGH SPEED PUNCH CHANNEL?

requesting the high-speed paper tape punch channel number.
Reply appropriately.

8. The program types
'HIGH SPEED READER CHANNEL?

requesting the channel number of the photoreader
Reply approprlately

9. The program types
LINE PRINTER CHANNEL?

requesting the line printer channel number.
Reply appropriately. - o

9a. The program types
STANDARD CONTROL (2767)?

asking if the device is an HP-2767 (data products) printer or
uses the same control characters and features - no carriage
return, ASCII linefeed and formfeed (812 and @14), 132 charac-
ter carriage, built-in bottom-of-form sensing, and formfeed to -
top-of-form.

Reply appropriately; if the answer is YES, the program proceeds
to step 10. NOTE: All control characters have the high bit
set; this is transparent to the user.

9b. The program types
CARRIAGE RETURN?

"requesting the low 8 bits (in octal) of the carriage return
character, if one is needed; if one is not needed, reply "NO".

- 9¢. The program types
LINE FEED?

requesting the low 8 bits (in octal) of the 11ne e]ect
character. This character is required.



9d. The program types -
FORM FEED?

same as 9b.

9e. The program types
'LINE WIDTH?

asking the maximum number of characters to be printed on one
line (all extra are ignored).
Reply appropriately.

9f. The program types
SOFTWARE LINE COUNT?

asking whether to use a line counter (#18) for page spacing.
If the device has hardware bottom-of-form sensing and finds
top~of-form by a Formfeed answer '"NO", else answer "YES".

9g. The program types
PAGING OPTION?

The response is the Same as Step 5. (NOTE - Formfeed in
this case refers to the answer to 9d, not the normal 21uB
character).

10. If bit 15 was set in Step 2, the program types

CMTS CHANNEL: CC
DECK ZERO EXISTS

HAS INPUT CAPABILITY:
USES PAGING OPTION?

where CC is the channel number defined in Step 2. The response
to the paging option question is the same as in Step 5.

10a. The program types
BACKSPACE ON CTRL/H?

wanting to know whether to echo the deleted character after

a CTRL/H (delete character) input from this device. If the
device interprets (generally true only of CRT) the CTRL/H

as a Backspace by repositioning its carriage or curser to the
left (such as HP-2640A terminal) then the echoed character

would only overwrite the last visible character typed and appear
to have no or the wrong effect. So if the device .does so repo-
sition, answer YES and the cursor/carriage position will record
what has been deleted; if not, answer NO and the characters will
be echoed to record current line position. (The device is
originally assembled equivalent to YES).
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~11. If bit 15 was not set in Step 2, the program types
CMTS CHANNEL? |

requesting the cassette system channel number. If "NO" is
typed, the program proceeds to Step 12. If "YES", the program
types.

NOTE: that the cassette system must be turned on as the program
will test the revision type by issueing a command to the unit.

DECK ZERO EXISTS?

asking if a device (TTY, CRT, line printer, etc.) is inter-
faced to the computer via deck zero. If "YES" is typed,
the program types ’

HAS INPUT CAPABILITY?

asking if the device has a keyboard on it.
Reply appropriately. The program types

USES PAGING OPTION?

The response to the paging option question is the same as
in Step 5.

lla. The program types
BACKSPACE ON CTRL/H? -

wanting to know whether to echo the deleted character after

a CTRL/H (delete character) input from this device. If the
device interprets (generally true only of CRT) the CTRL/H

as a Backspace by repositioning its carriage or curser to the
left (such as HP-264fA terminal) then the echoed character

would only overwrite the last visible character typed and appear
to have no or the wrong effect. So if the device does so repo-
sition, answer YES and the cursor/carriage position will record
what has been deleted; if not, answer NO and the characters will
be echoed to record current line position. (The device 1is
originally assembled equivalent to. YES).

12. The programvtypes
FLOPPY DISK DATA CHANNEL?
requesting the FDS data card channel number. Since this
must be defined, a "NO" response causes the question to be
re-asked. , :
13. The program types
FLOPPY DISK CONTROL CHANNEL?

requesting the FDS control card channel number. A "NO" causes
the question to be re-asked.
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14. The program types

NUMBER OF BUFFERS?
Reply appropriately (see Section IV.B). For optimum operation
in an 8K system, three buffers are recommended; in 12K or
larger systems, four buffers are recommended.
15. The program types

NUMBER OF DRIVES?

Reply appropriately (one to four), dependlng on how many
drives are implemented in the FDS.

16. The program types
DISPLAY DISK COMMANDS?
inquiring as to whether disk commands are to be displayed in
the Switch Register during FDOS SIO operation; reply appropri-.
ately. Commands are not displayed during BCS operation.
X-1. TIf the Extended Version, the program types
CARD READER?

requesting the card reader channel number.
Reply appropriately.

X-2. If the Extended Version, the program types
'MAG TAPE DATA CHANNEL?

requesting the maé tape data channel number. If "NO",
the program proceeds to Step 17.

X-3. If the Extended Version, the program types
| MAG TAPE CONTROL CHANNEL? |

requesting the mag tape control channel number. A "NO"
-causes step X-2 to be re-asked.

X-4., If the Extended Version, the program types
TWO DRIVES?

requesting whether one (unit @) or two (units @ and 1)
are available. Reply appropriately.
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17. The program types.

FUNCTIONAL UNIT ASSIGNMENT:
? .

At this point the operator may change the physical unit vs.
functional unit assignment for a particular configuration of
hardware. Until some experience has been gained, it is
recommended that the user respond with only "/E", to cause

the standard assignments that have been assembled into sys- gen
to be used. To change the Functional vs. Physical Unit a581gn—
ments, use the format FU, PU, LC, PC (see Section II.B).

Typing "A?" will list the entlre FDT; "/E" terminates and

moves on to the next step. Restartlng w1thout reloading ("ER"
input) does not restore the FDT.

18. The program types

EXTRA PAGING CHARACTER?
Unless the system has a list device that,isbcapable of responding
to a page-spacing character other than Linefeed or Formfeed (such
as Vertical Tab), it is sufficient to respond "NO". Otherwise,
respond with a two-digit octal number representing the ASCII
character desired.
19. The programAtypes

CORE SIZE (IN K)?
Reply approprlately.
20. The program types

WRITE SYSTEM TO DISK?
Reply "YES" if it is desired to write this newly configured
system to disk (in S¥S1, SY¥YS2, SY¥S3, & SYSM) later on in this
program.
21. If "YES" was typed in Step 20, the program types

FORMAT DISK?

inquiring as to whether a Format Disk command to drive D is
desired. Type "YES" if there is a virgin disk in drive D.

22. The program types
CONFIGURATION MAP?
‘Reply "YES" if it is desired to have one printed on the console

device at this time; if "YES,unit" is typed, the map will be
written to the specified unit.



23. The program types
OKAY AS IS?

If the configuration is as desired, type "YES". At this.point
the unused portion of DIO (drivers for non-existent peripherals)
is released and the system is configured in core. If the pro-
gram was directed to write the system in step 20, SYS1, SYs2,
SYS3, SYSM, and the configured System Loader are written onto
Disk D (see Section V.B.), all of memory below X7534B is set

" to zero, and a "cold start" is made via a transfer to X754UB;

if the program was not directed to write the system, a transfer
is made to the Executive. If the configuration is not as desired,

type "NO".

”

24. The program types
START OVER?

if "YES" is typed, the program goes back to the "SYSTEM ID"
question of step 33 if "NO" is typed, the program goes back
to step 23. : .

25. The following error halts are applicable to the System
Generator: ' '

HLT 3#B The process of allocating buffer space has
' caused the SIO package to require more than
4K, which is the legal limit (due to locating

the communications region). This error is fatal
and irrecoverable, continuation will repeat
HLT 30B.

(NOTE - It is possible for this problem to cause
a HLT 32B in an 8K system). Reload SYS# and
restart the system generator, and request fewer
buffers. '

HLT 31B The value stored at the address displayed in
the Switch Register did not hold (either non-
existent memory, faulty memory, unattached or
unplugged memory, etc.). Correct condition
and press RUN, or reload SYSP# and restart the
system generator. :

- 'HLT 32B The process of moving the system has caused
an over-lap of sections of relocatable code.
This is a program safety check to insure the
resultant system will fit in the available
memory; it is fatal and irrecoverable.
Continuation will repeat HLT 32B. Reload SYS#@
and restart system generator.



HLT 47B The processing of devices has caused an
impossible situation. Press RUN to restart
the configurator. Theoretically, this can not

happen!

26. It is not necessary that the configurator write out the
new system on the "skeleton" disk shipped from the factory; in
fact, it is best if it does NCOT, since this disk should always
remain write-protected and used as the "master". The "skeleton"
disk could have been replaced by any (virgin) disk after SYS#
was loaded from it. However, if a freshly formatted disk is
used to write the just-configured system onto, SYS# (sector 1uB)
will be an empty file, but sector 14B will be preserved for the
initial sector of SYS@#. This means that the "skeleton" file
(SYS@) does not get written during the configuration process;
however, the unconfigured Bootloader does get written into sec-
tor three. The SYS@ file could be copied from the "master"
‘disk after the configuration process if it were desired to

have it on the "working" disks. The copying of SYS# (plus all
other files on the "master" disk) can be accomplished easily
with the CODSK batch filej; see the INSTALLATION OF SOFTWARE

Appendix of this manual.
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'SAMPLB SYSTEM GENERATION PRINTOUT

SYSTEM ID:~ - :
- SAMPLE SYSTEM GENERATION PRINTOUT

TELETYPE CHANNEL: 12
USES PAGING OPTION? NO
BACKSPACES ON CTRL/H? YES
HAS LOW SPEED TAPE? YES
PUNCHING AND PRINTING SEPARATE? NO

HIGH SPEED PUNCH CHANNEL? 15
HIGH SPEED READER CHANNEL? 13
LINE PRINTER CHANNEL? NO

CMTS CHANNEL? 14
DECK ZERO EXISTS? YES
HAS INPUT CAPABILITY? YES
USES PAGING OPTION? NO
BACKSPACES ON CTRL/H? YES

FLOPPY DISK DATA CHANNEL? 1@

FLOPPY DISK CONTROL CHANNEL? 11
" NUMBER OF BUFFERS? 4
NUMBER OF DRIVES? 3
DISPLAY DISK COMMANDS? YES

<<FUNCTIONAL UNIT ASSIGNMENTS: >>
? /E

EXTRA PAGING CHARACTER? NO
CORE SIZE (IN KJ? 12

WRITE SYSTEM TO DISK? YES
FORMAT DISK? YES

CONFIGURATION MAP? YES

SYSTEM ID: SAMPLE SYSTEM GENERATION PRINTOUT

CMTS CHANNEL: 14
DECK ZERO EXISTS
HAS INPUT CAPABILITY
USES PAGING OPTION: N
BACKSPACES ON CTRLZ/H
HIGH SPEED READER CHANNEL: 13
HIGH SPEED PUNCH CHANNEL: 15
TELETYPE CHANNEL: 12
USES PAGING OPTION: N
BACKSPACES ON CTRL/H
HAS LOW SPEED TAPE
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SAMPLE SYSTEM GENERATION PRINTOUT (Continued)

FLOPPY DISK DATA CHANNEL: 10
FLOPPY DISK CONTROL CHANNEL: 11
NUMBER OF BUFFERS: 4 ' '
NUMBER OF DRIVES: 3
DISPLAY DISK COMMANDS

<<FUNCTIONAL UNIT ASSIGNMENTS: >>
DI El1,0.F
PL TELETYPE»OGsL

DP E2,B

PK TELETYPE»>®>L
HL E3:0,F

SC E4»B

CK TELETYPE,@sL
CL TELETYPE,O,L
Al HS TAPE,QsF
AL TELETYPE,@,L
AP 1,B
AK TELETYPE»G.L .
AH DECK ZERO,2,F . .
AS 2sB '
BC D2,B
BM TELETYPE»@.,1.
S28 16.B
S21 16,8
522 16sB
523 16:B
S24 165B
s25 16,B.
S26 16-B
S27 1658
" §30 16»B
S31 16-8B
532 1628
S$33 16-B
S34 16sB
S35 16,B
536 16,8
$37 16-B

CORE SIZE (IN K): 12

FORMAT DISK
WRITE SYSTEM TO DISK

OKAY AS IS? YES
*



SAMPLE SYSTEM

*DA D
-FREE.

SYSo
SYSi
sys2
SYS3
SYSM™
SRCE
FSRC
LI BN
LIBE
LIBF
CODSK
EDIT
ASMBN
CROS
FORT
FOR2N
DUP .
DEBUG
EXER
ABCS
DPCS
De36
De36X
D.00
D«35

«10C.

RLOA

SD36X
ASMBE
ASMBF

FOR2E.

1321

14

15
16
17
13
161
205
215
342
462
573
603
626
666
671
762
1002
ig12
1205

1835

1875
1111
1135

1137

1152
1151
1157
1210
1201
1241

1301

*k

* ok

kk

* %
s ke
%%
* %
* ok
sk ok

Tk

* %
* %
* %
ok
* %

Ckk

F3k
%%
* %
* %
sk
Fok
%%
* %
%%
%%
* %
sk
ok
%%
4ok
%

GENERATION PRINTOUT (Continued)

ADDRESS OF FIRST FREE SECTOR .
UNCONFI GURED BOOTLOADER, SIO PACKAGE, AND EXECUTI VE
"COLD START'" FILE :
"WARM START" FILE .

STANDARD EXECUTIVE RELOAD .

SYSTEM MAP

DEMO PROGRAM SOURCE (ASSEMBLY LANGUAGE)
DEMO PROGRAM SOURCE (FORTRAN)
NON-EAU MATH LIBRARY

EAU MATH LIBRARY

FLOATING POINT MATH LIBRARY

BATCH FILE FOR COPYING MASTER DISK
EDI TOR

NON-EAU ASSEMBLER -
CROSS-REFERENCE GENERATOR

FORTRAN PASS ONE

NON-EAU FORTRAN PASS TWO

DISK UTILITY PACKAGE

SI0 ENVIRONMENT DEBUGGER

FDS DIAGNOSTIC

CONFIGURED BCS FILE

DISK PREPARE CONTROL SYSTEM

FDS BCS DRIVER

FDS BCS DRI VER EXTERNALS

TTY BCS DRI VER

CMTS BCS DRIVER

INPUT/OUTPUT CONTROL

RELOCATING LOADER

SOURCE OF FDS BCS DRIVER EXTERNALS
EAU ASSEMBLEK

FLOATING POINT ASSEMBLER

_EAU/FLOATING POINT FORTRAN PASS TWO

«LD D13;LD D2;LD D3;LD D4

D1z
SRCE
FSRC
SD3éX

D2:

CODSK

D3:

D« 36
De 36X
D« 00
D.35
«I0C.
RLOA

D4z
LIBN
LIBE

LIBF



VI. FDOS EXECUTIVE COMMANDS

A summary of the Executive commands appears in an appendix

of this manual. When the Executive is ready for a command,

it types "*" on the console device, rings the console device

bell, and waits for a command line to be entered. A command

line consists of one or more commands, each, except the last,
terminated by a semicolon. 'A command consists of a two-charac-
ter command code, optionally followed by a space and a variable
number of parameters, each, except the last, followed by a comma.
If a given command can accept parameters but not all are supplied,
the Executive supplies "default" values for the missing ones.

The parameters for a given command must be supplied in a
fixed order. If it is desired to omit (i.e., use the de-
fault value for) a given parameter but specify some or all
of the following ones, simply type the comma which would
normally follow it, but with no non-blank character between
it and the comma following the previous parameter, if any,

- or the blank following the two-character command code.
For example,

co ,.,2

requests the Executive to perform a copy function using
default values for the first, second, and fourth parameters
and the value "2" for the third parameter (in this example, ,
‘two files of data are copied from DI to DP in the ASCII mode).

Several commands may be typed on one line (or placed in one
record) by separating them with semicolons. For example,
if it were desired to skip two files on logical unit E1,
copy the third file (in absoelute binary format) from E1
onto cassette deck two, write an end-of-file on deck two,
and then rewind deck two, the following command sedguence
would be used: : :

SK E1,2;CO El1,2,,BA;WE 2;RE 2

An important feature of FDOS is the handling of the Batch mode.
Operation in the Batch mode of the Executive differs from normal
on-line operation in that command lines are taken from the Batch
Command unit (BC), and messages, including the actual command
strings, are sent to the Batch Message unit (BM). Batch command
lines can be intermixed with data input if BC is set to the

same unit as DI (see example under Write command and the CODSK
batch file in the INSTALLATION OF SOFTWARE Appendix).
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VI.A.

VI.B.

VI.C.

The Batch mode is entered via the Batch command (BA). The
Executive remains in the Batch mode until one of the following

occurs:

% A Batch Exit command is received from BC.
. * An EOF is detected on BC. :
* An I/0 error is detected.

In addition to the standard HP feature of RUBOUT deleting
(via the SIO driver) the current ASCII input line, FDOS has
the following convenience features:

* Character delete; CTRL/H (hold CTRL key depressed,
then strike H) deletes the previous character and
echoes it back.

* Carriage Return echo; if a LINE FEED is typed to ter-
minate a line, a RETURN is automatically echoed if one
was not typed prior to the LINE FEED.

The Executive commands include the following genéral types.
UNIT MANIPULATION COMMANDS

The unit manipulation commands facilitate file positioning;
these include Rewind, Skip, and Write End-of-File. If an
illegal command is attempted on a unit (e.g., Writing an
End-of~File on the photoreader), the command is ignored and
"IMPROPER REQUEST (unit)" is printed on the console device.

DATA UTILITY COMMANDS

These commands facilitate the transfer of data to and from
the various units supported by FDOS. The data utility
cormmands include Assign, Reserve File, Copy, Verify, Dump,
List, and Write. '

PROGRAM UTILITY COMMANDS
These commands deal with the handling of data in the standard

(absolute) binary format recognized by the System Loader.
They include the Batch, Go To, If Disk, Save Start Address,

Save, and Run commands.
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VI.D.

VI.E.

DISK SYSTEM COMMANDS

These commands are concerned with the Disk Directories, the
Logical Unit Directories, and disk formats. They include For-
mat Disk, Disk Directory, Logical Unit Directory, Rename,

Delete, Queue, Temporary Queue, Restore, and Zero System commands.
These disk system commands have no meaning for other peripherals
supported by FDOS.

DESCRIPTION OF FDOS COMMANDS

The following pages give a description of each of the FDOS
commands .
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VI.E.1 ADD TO LOGICAL UNIT DIRECTORY

Purpose: Add files to the end of a logical unit directory.

Format: - AQ DUNT,NAMEl,NAME2, ...
DUNT,NAMEl,etc., are as for QU.

Comments: Same as QU command, except that names are appended to the
end of the specified LUD.
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VI.E.2 ASSIGN

Purpose: Assign a physical unit to a functional unit.

Format: AS FUNIT,PUNIT,LCTR,PGCHR
where: FUNIT = a functional or physical unit
PUNIT = a physical unit
LCTR index to the system's table of line counters
PGCHR = N None - F Formfeed ' :
I, Linefeed X Special character set during Sys-Gen.

Comments: FUNIT is set to point to PUNIT.

If PUNIT, LCTR and PGCHR are not specified, they are not changed.
If "AS FUNIT,?" is typed, the assignment of the unit is listed.
LCTR and PGCHR may be replaced with a "B" to specify that the
unit is a binary unit (not capable of page formatting).
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VIi.E.3 BATCH

Purgose:. Enter Batch mode

Format: BA NAME : ‘
NAME = name of file containing the Batch commands.

Comments: A "batch" flag is set in the loader area (X7536B). Sub-
sequently, all command lines are input from BC, rather than CK as in
normal Executive operations. A return to the normal "on-line" opera-
tion of the Executive occurs when an EOF is detected on BC, when a
BX command is received from BC, or if an I/0 error is detected.

During Batch operation, Executive console messages (such as "EOF"
reports during a copy) and echoing of Batch commands use BM for output,
rather than CL as in normal operation.

If NAME is not specified, the next file on BC is used. NAME can only
be used if BC is a disk logical unit. '
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VI.E.4 BATCH EXIT

Purpose: Return from Batch mode to the on-line (interactive) mode
of Executive command input.

Format: BX NAME
NAME = File name to be used for next BA command.

Comments: A TQ of NAME to BC is done. A subsequent QU,RE, etc. of
'BC will override this TQ. If NAME is not specified, no action is taken
with respect to BC. ‘
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VI.E.5 COMMENTS

Purpose: Allow comments to appear. on Batch or on-line message units.

‘Format: ** Text

Comments: All characters after ** are ignored, up to the next Linefeed.

N.B.: A space must follow the *%*,
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VI.E.6 = COPY

Purpose: To duplicate one or more files

Format: CO SRCE,DEST,#,MODE
Where SRCE = a physical or functional unit
DEST = a physical or functional unit
# number of files to copy ‘
MODE = A(ASCII), BA(absolute binary), or B(relocatable
binary)

Comments: The remainder of the current file and the #-1 subsequent files
of SRCE are copied onto DEST, each followed by a file mark.

If g is specified for #, 1 is used, but no file mark'is written onto
DEST. This feature, in conjunction with the Save command, is very
useful in "patching" absolute binary programs. For example, suppose
it were desired to change the contents of location 1@1B (the SIO
Input pointer) whenever the Assembler (ASMB) is run. Then the
following procedure could be used:

1. Load the system (by starting at X7544B). . Halt the
computer and change 1@1B to the desired value. Re-
start at the Executive restart address ((X-1)4g¢g@B).

2. Type QU D4,ASMB;QU D3,ASMB
’ CcO D4,D3,%,BA;SA D3,1¢1B;WE D3
RE D4;RE D3;VE D4,D3,¢,BA;DU D3,,,,BA

3. If the response on the console device to the last,line
above is ' '

EOF D4 ,
gopapy  @P1Pl  (new contents) (checksum__)
EOF D3 :

then the operation has been performed successfully.

%lthough this example would accomplish the desired re-assignment of the'
input device (DI), a more convenient way would be via the Assign command.
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If SRCE is not specified, DI is used.
If DEST is not specified, DP is used.
If # is not specified, one is used.

If MODE is not specified, ASCII is used.
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VI.E.7‘ DISK DIRECTORY

Purpose: To produce a list on a sSpecified unit the names of programs
residing on the disk in the specified drive.

Format: DI DISK,DEST . ‘
Where DISK = D,E,F, or G (floppy disk drive), *
DEST = a physical or functional unit

* or a physical (logical) unit or functional unit
assigned to a disks' logical unit.

comments: Each disk has a disk directory recorded in sector 1 of track O.
This is different from the logical unit directories in that:

(1) It contains only names of files actually recorded on
the disk.

(2) It contains the starting'sector address of each file.

(3) It contains the starting sector address of the chain of
free disk blocks.

(4) The order of files listed in it is of no significance.
(See comments under LD command)

If DEST is not specified, CL is used.
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VI.E.8 DISK DIRECTORY WITH ADDRESSES

Purpose: To produce a list on a specified unit the names of programs
and their initial sector address.

Format: DA DISK,DEST
Where DISK = D,E,F, or G (floppy disk drive), =
DEST = a physical or functional unit

* or a physical (logical) unit or functional unit
assigned to a disks' logical unit.

- Comments: This command is similar to the Disk Directory command (DI);
in addition +to the name of the program, the initial sector address

- of that program is printed. In addition, the symbol ".FREE." is
printed, followed by the address of the first available (but not
necessarily lowest numerical) sector of the free storage list.

If DEST is not specifiéd, CL is used.
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VI.E.9 DELETE

Purpose: To remove a file from the specified disk and free the sectors
comprising it for reuse.

Format: DL DISK,NAME

Where DISK = D,E,F,or G (floppy disk drive), =*
, NAME = name of file to be deleted

* or a physical (loglcal) unit or functlonal unit
assigned to a disks' logical unit..

comments: The file name is removed from the directory, and the chain of

sectors comprising it are added to the beginning of the free storage

list, i.e., the disk directory's free storage pointer is set to the first
sector of the deleted file, and the last sector of the deleted file,

which previously contained an end-of-file indication, is set to point

to what was previously the first sector of the free storage list

If the file deleted is one of the Fixed Address files (SYS{@, SYS1,
SYS2,SYS3 or SYSM) then the first sector (14B, 15B, 16B, 17B or 13B)

is not added to the free storage list, but the remaining sectors of that
file are added to the free storage list.
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VI.E.10 DUMP DISK

“Purpose: Produce a listing on a specified unit of the contents of a

specified range of disk sectors.

Format: DD DEST,DISK,LO,HI

Where DISK is a floppy disk drive, *
DEST is a physical or functional unit
LO and HI are the first and last (octal) disk
addresses of the block of sectors to be dumped.

% or a physical (logical) unit or functional unit
assigned to a disks' logical unit.

Comments: The dump is printed in the following format:

(sector address)

B word word e .
1g: -word -word . e .
17g- “word word . e .

(sector address)
as word - word . ..

If DEST is not specified, CL is used.
If LO is not specified, 2 is used.

If HI is not specified, LO is used.
DISK must be specified. :
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VI.E.1ll1 DUMP MEMORY

Purpose:

specified range of memory locations.

Format: DM DEST,LO,HT

Where DEST is a physical or functional unit :
LO and HI are the first and last (octal) addresses
of the block of memory to be dumped.

Comments: The dump is printed in the following format:

address: word  word cen word (8 words per line)
address: word word .o word ’

If DEST is not specified, CL is used.
If LO is not specified, 2 is used.
If HI is not specified, LO is used.
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VI.E.12 DUMP RECORDS

Purpose: To provide a listing of specified records of a (possibly)
- binary file.

Format: DU SRCE,DEST,LO,HI,MODE
Where SRCE = a physical or functional unit
DEST = a physical or functional unit

Lo = First record to be dumped (counting the next
record as #1)

HI = Last record to be dumped

MODE = A(ASCII), BA(absolute binary), or B(relocatable

blnary)

Comments:

If SRCE is not specified, DI is used.

If DEST is not specified, CL is used.

If LO is not specified, 1 is used.

If HI is not specified, dumping proceeds until an end-of-
file on SRCE.

If MODE is not specified, A is assumed.

The process of dumping proceeds as follows. Each specified record is
read from SRCE in the MODE specified. ' The characters of the record are
then packed two per word, first the high order half, then the low order
half. A listing of these words is then printed. 1In the listing, each
word appears as six (6) octal digits, and these are printed eight (8)
‘per line, using as many lines as necessary. Thus, for example, if the
second record of the third file of logical unit D2 contains the ASCII
character string ABCDEFGHIJKLM, then the first line of the output from
the command ' '

RE D2;SK D2,2;DU D2,,2,5
will be o
gags5g2 galsga g4250@6 #4351¢g g44512 @g45514 ¢4e4gg

Note that an assumed space character fills the right half of the last
word.

In most applications, CL or LP would be used for DEST.
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VI.E.lQaA DUMP VERIFY ERROR RECORDS

Purpose: To,provide an octal dump of the pair of records
: which caused a VERIFY to produce a COMPARE ERROR.

Format: DV DEST
Where DEST = a physical or functional unit

Comment : The program prints

. SOURCE nnn (where nnn is the decimal length
in words or bytes of the last record read on the
source device).

and prints an octal dump of the last record read on the source
dev1ce, then prints : :

DESTINATION nnn .
treating the destination device record similarly.
If DEST is not specified, CL is used.
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VI.E.13 FORMAT DISK

Purpose: To'prepare a virgin disk for use with FDOS

Format: FD DISK
Where DISK = D,E,F, or G (floppy disk drive),

=

* or a physical (logical) unit or functional unit
assigned to a disks' logical unit.

Comments:

(1) The sectors of the disk, aside from those of track zero,
are chained together into a free storage list. They are
not chained in simple ascending numerical order of address..
For each track, the chain starts at sector zero, proceeds
through the even sectors (¢,2,4,6,14,12,14,16), then through
the odd sectors (1,3,5,7,11,13,15,17).

' (2) An initial disk directory is written into sector 1 of
track zero. This contains 2@ (a pointer to the first
block of the free storage list) in its first location and
the five Fixed Address files (SyS@, SySl, SYS2, S¥YS3,and
SYSM) and addresses (l4B, 15, 16B, 17B, and 13B)as entries.

(3) Empty logical unit directories are wrltten 1nto sectors
4,5,6, and 7 of track zero.

(4) The Fixed Address files are generated as empty (EOF) and
wrltten out.

(5) The unconfigured Bootloader is written in sector three of
track zero.

(6) The configured System Loader is written in sector zero of
track zero.
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VI.E.1l4 GO TO

Purpose: To allow the user to transfer from the Executive to a
specified memory location.

Format: GO N
N is the octal address to which to transfer.

Comments: This command is useful in transferring to a core-resident
program (such as the Debugger).

VI-19




VI.E.15 IF DiSK

Purgose: Determine whether or not the specified unit is a disk
logical unit.

Format: ID UNIT
Where UNIT = a physical or functional unit

Comments: If UNIT is a disk logical unit, the next command in the

command line is executed. If not, the remainder of the command line
is ignored.
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VI.E.16 LIST

Purpose: To provide a listing of specified records of an ASCII file.

Format: LI SRCE, DEST,LO, HI
Where SRCE = a physical or functional unit

DEST = a physical or functional unit

LO = First record to be listed (counting the next
record as number 1).
HI = Last record to be listed.

comments:

If SRCE is not specified, DI is used.

If DEST is not specified, CL is used,

If 1O is not specified, 1 is used.

If HI is not specified, listing continues until an End-of-

File on SRCE.

In most applications, CL orLP would be used for DEST. If a cassette

deck or disk logical unit is specified, the effect is to copy the speci-
fied records from SRCE to DEST, a function which cannot otherwise be
performed. To skip records, BK could be used for DEST.

to determine the contents of the second file

If .one wished, for example,
this could be

of the cassette in deck 2 by listing the first five llnes,
accomplished by using the command :

RE 2;SK 2;LI 2,,,5
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VI.E.16a LIST VERIFY ERROR RECORDS

Purpose: To provide an ASCII printout of the pair of
records which caused a VERIFY to produce a
COMPARE ERROR.

Format: LV DEST _
Where DEST = a physical or functional unit

Comments: The program prints

SOURCE nnn (where nnn is the decimal length in
words or bytes of the last record read on the
source device).

and prints an ASCII dump of the last record read on the source
device, then prints

DESTINATION nnn
treating the destination device record 81m11arly
If DEST is not specified, CL is used.
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VI.E.1l7 LIST ALL UNITS

Purpose: To print the contents of the Functional Device Table (FDT).

Format: LA DEST
Where DEST = unit on which to produce the listing.

Comments: The FDT is printed on DEST in the same format as during the
system generation.

1f DEST is not specified, CL is used.
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VI.E.18 LOGICAL UNIT DIRECTORY

Purpose: To list the file names comprising the specified logical unit.

Format: LD DUNT ' ,
Where DUNT = D1,D2,D3,D4 (logical units of disk drive D)
" El,E2,E3,E4 (logical units of disk drive E)
Fl,F2,F3,F4 (logical units .of disk drive F)
Gl,G2,G3,G4 (logical units of disk drive G)

or functional unit assigned to a disk logical
unit.

Comments: A logical unit consists of a list of names (up to five
alphanumeric characters, first alphabetic) in a fixed order. These
names correspond to potential files on the corresponding disk.
These lists, corresponding to the four logical units of the given
disk, are kept in four sectors of track zero of that disk:

Sector (octal) Logical Unit
I Y
5 1
6 2
7 3

These directories can be set up by the user through use of QUEUE
command . :
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VI.E.1l9 QUEUE

Purpose: To set up a directory of the specified logical unit.

Format: QU DUNT,NAMEl,NAME2,. . . ,

Where DUNT = D1,D2,D3,D4 (logical units of disk drive D)
El,E2,E3,E4 (logical units of disk drive E)
Fl1,F2,F3,F4 (logical units of disk drive F)
Gl,G2,G3,G4 (logical units of disk drive G)
or functional unit assigned to a disk logical
unit.

Where NAMEl1, NAME2, . . . are file names

Comments: (See comments under the Logical Unit directory command - ILD.)

The LUD for DUNT is set to consist of NAMEl,NAME2,..., and UNIT is
rewound, so that it is positioned at NAMELl.

QU DUNT deletes all names from the LUD, but does not delete the files
from the disk (or Disk Dlrectory)

When the command QU DUNT,NAMEl is given, NAMEl gets added to the LUD,
- but NAMEl does not get added to the Disk Dlrectory until it is used
for an output function.
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VI.E.20 RESERVE FILE

Purpose: Reserve a file of a specified length.

Format: RF DISK,NAME, #
Where DISK = D,E,F,G, *
NAME File name
# Number of sectors

i

* or a physical (logical) unit or functional unit
assigned to a disks' logical unit.

Comments: A file of the specified length and with the specified NAME is
created on the specified disk.
" If a file called NAME already exists on the giveh disk, its length is
checked, and additional sectors are added to it if it is shorter than
the number of sectors specified in the command. '

The purpose of this command is to create a file in advance of operating
" with it. This reduces the amount of head motion (therefore, time) re-
quired in actually writing a file, since the free storage list (in
track zero) does not have to be accessed each time another sector is
required. '

If, during subsequent output to this file, all reserved sectors are
not used when the file is closed (by writing an EOF) the unused
sectors are returned to the free storage list. If more sectors

than were reserved are required during the actual output to the .
file, additional sectors are taken from the free storage list. Thus,
one needs only to approximate the number of sectors required for

the file. ‘
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~VI.E.21 REPEAT COMMAND LINE

Purpose: To cause re-execution of the command line

up to this point.
Format : RP #

Where # = number of times to repeat (decimal)
Comments: The command line, from the beginning, is

re-executed up to the RP command for the
specified number of times (total times = # +1),
then the execution proceeds beyond the RP.

If # is not specified, the command line will
be repeated infinitely (not 32K - infinitely).

If a cold-start reload is done in the repeated
section each time, then the command line will .
be repeated infinitely regardless of the value
of #. If two RP commands are in one command
line, the line will be repeated infinitely -
the part before the first RP will repeat its

# of times the first time, then for the # of
times in the second command subsequently unless
it is @ or unspecified, in which case it will
continue to repeat according to its own #; '
the part between the two RP commands will
execute once each time the first runs out.
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VI.E.22 RESTORE

Purpose: Restore the original SIO configuration.

Format: RS

Comments: A "warm start" entry is made to the System Loader, and the
SIO driver area is restored from disk, wiping out the effect of any
Assign commands. '
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'T.E.23 RENAME
Purpose: To change the name of a specified file on
a specified drive.
Format: RN DISK, OLDN, NEWN

- Where DISK = D, E, F, G (floppy disk drive),*
OLDN is the name of the file before renaming;
NEWN is the name of the file after renaming.

* or a physical (logical) unit or functional unit assigned
to a disks' logical unit.

Comment: The name is changed in the disk directory.
Also, the name word (which contains the name
code computed from the file name) is changed
in each block of the file. If the file in
question is Queued on a disk logical unit, the
name in the LUD is not changed.
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VI.E.24 REWIND

Purpose: To position a unit at the start of the first file.

Format: RE UNIT »
Where UNIT = a physical or functional unit

Comments: If UNIT is a cassette deck, a rewind of the specified deck
is initiated, and control returns to the user without waiting for the
rewind to be completed. '

If UNIT is a disk logical unit, the effect of the command is modification
of the in-core logical unit parameter table (LUPT)  to indicate that the

unit is positioned at the start of file 1 of that unit.

If UNIT is not specified, DI is assumed.
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VI.E.25 RUN

Purpose: To load a specified file from drive D and transfer control.

Format: RU NAME,S.A.,parameters

Where NAME = name of file. ~ '
S.A. =:(octal) start address if standard not desired.
parameters - format determined by program being called.

Comments: Same as RD, except drive D is assumed.
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VI.E.26 RUN FROM SPECIFIED DISK

Purpose: To load a named file from a specified disk and transfer
control. ‘

Format: RD DISK,NAME,S.A., parameters
Where DISK = D,E,F or G (floppy disk drive), =

NAME = name of the file

S.A., = address to which to transfer control if
standard not desired.

parameters - format determined by program being run.

* a physical (logical) unit or functional unit assigned
to a disks' logical unit. :

 Comments: When this command is given, the Disk Directory is read from
DISK. This directory contains the names and starting sector addresses
of the files on that disk. If the name is not found, a message to

that effect is printed. Otherwise, the parameters are used to set up
PARAM through PARAM+7 of the Communication Region, S.A. is used to set
STRTA in the Communication Region,.and a transfer is made to the System
Loader ELOAD entry with the appropriate drive and sector address.
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VI.E.27 SAVE

Purpose: To write an absolute binary format image of the area of

memory from FWA to LWA inclusively,

capable of being loaded

into memory locations ADDR thru ADDR+ (LWA-FWA) at a later

time.

Format: SA DEST, FWA,IWA,ADDR

Where DEST = 1,2,3 (cassette decks)

D1,D2,D3,D4
El,E2,E3,E4
Fl,F2,F3,F4
Gl,G2,G3,G4

(logical units
(logical units
(logical units
(logical units

of disk drive
of disk drive
of disk drive
of disk drive

comments: The portion of .memory lying between the two addresses FWA
and LWA (inclusive) is written on the specified unit as a series of

128-word absolute binary format records.

2764048

FWA + 125(n-1)

contents of first location
contents of second location

contents of 125-th location

checksum

If the number of words written is not a multiple of 125,

That is,

(#data words, i.e., 125,

order)

in high’

(starting address in memory of
data of the n-th record)

(sum of the address and the data

words)

record is shorter, but of the same format as above.

If UNIT is not specified, DP is used.
If FWA is not specified, then 2B is used.
If IWA is not specified, then FWA (one word) is used.
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If ADDR is not specified, FWA is used; ADDR specifies the intended
- load address. Thus, the words written from memory locations FWA thru
IWA will be loaded back into ADDR thru ADDR+ (LWA-FWA).

N.B. No file mark is written after the data records, so multiple

saves can be used to build a file. When the desired portions of memory
have been saved, a file mark MUST be written (to close the file) using
the WE command.

(See example under COPY command.)
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VI.E.28 SKIP
Purpose: To position a unit at the start of the N-th
- following file.
Format: SK UNIT, #
Where UNIT = a physical or functional unit.
# = number of files to skip.
Comments: If UNIT is a cassette deck, successive "search"

commands are issued, and control returns to the
user when the drive becomes "ready".

If UNIT is a disk logical unit, the in-core
logical unit parameter table (LUPT) is modified
to indicate position at the start of the #-th
file following the current one.

If UNIT is not specified, DI is assumed.
If # is not specified, 1 is assumed. :
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VI.E.29 SAVE START ADDRESS

PurEose:

Format:

To write an absolute binary format record of
locations 2B and 3B as the standard start
Procedure, using the specified address as the
start address (location 3).

SS DEST ADDR
Where DEST
ADDR

a physical or functional unit.
(octal) start address desired.

Comment :

- An absolute binary format record (to be loaded

into locations 2B and 3B) is written on the
specified unit, without disturbing locations
2B and 3B.

This is usually used in conjuhction with, and
usually prior to, the SAVE command when building.
a file.

N.B. No file mark is written after this record

If DEST is not specified, the DP is assumed.
ADDR must be specified. .
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VI.E.30 TEMPORARY QUEUE

To temporarily attach the specified file to the specified
logical unit.

Purpose:

Format: TQ DUNT ,NAME
DUNT = disk logical unit, or functlonal unit assigned to a

disk logical unit
NAME = name of file to be attached.

Comments: The in-core LUPT is set up to the start of the file called
NAME. The in-core file number is backed up by one, so that when EOF
is detected in NAME, the LUPT is set up as it was before the TQ.

The LUD on disk is not modified, so TQ can be used with a write-
protected disk. ’
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Purpose: To compare one or more files.

Format: VE SRCE,DEST,#,MODE«. -
Where SRCE = a physical or functional unit
DEST = a physical or functional unit
# number of files to compare
MODE = A(ASCII), BA(absolute binary), B(relocatable
binary)

Comments: The remainder of the current file and the #-1 subsequent
files of SRCE are compared with the corresponding files of DEST.

If J is specified for #, 1 is used, but the process terminates with
the detection of a file mark on SRCE. (Normally, a final read of
DEST would then be made and an error reported if no file mark were
detected there.)

If SRCE is not specified,DI is assumed.
If DEST is not specified,DP is assumed.
If # is not specified, 1 is assumed.

If MODE is not specified, A is assumed.

(Seeé the example under COPY.)
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VI.E.32 WRITE

Purpose: To allow ASCII data to be output directly into a file on
a unit. ’

Format: WR DEST,SRCE
(line of text)
(line of text)

(CTRL/D) _ .
Where DEST = a cassette deck, a disk logical unit, T,L, or P

Comments: As each line is input from SRCE (normally a keyboard), it is
output to DEST. When the CTRL/D (followed immediately by Carriage
Return then Line Feed) is input, a file mark is written on DEST and
control returns to the user.

For example, if the user wanted to put a file of Batch commands at the
start of logical unit El, the following sequence could be used:

RE E1l;WR El1

RE 2;SK El1;CO 2,E1l;RE 2;RE El:;SK El;VE 2,ELl.
RU ASMB,,,2;BX

(CTRL D)

If El is subsequently used as the batch input unit and DI, the above
sequence will cause a source program to be copied into the second
file of El and assembled, after which the system will leave the Batch
mode.

If DEST is not specified, DP is used.
If SRCE is not specified, CK is used.
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VI.E.33 WRITE END-OF-FILE MARK

Purpose: To terminate the output file.
Format: WE DEST

Where DEST = a physical or functional unit.
Comments: If DEST is a cassette deck a ‘3/4" gap of blank

tape is written, followed by a record consisting
of the single character 4B (control D, or EOT).

If DEST is a disk logical unit, an end-of-file
indication is written in the current block of
the current file, any remaining blocks of the
file are released, and the in-core logical unit
parameter table (LUPT) is modified to indicate
that the unit is positioned at the start of the
next file.

If DEST is another type of device, the actions
specified for the Write-end-of-file command is
SIO/DI0 (see Section IV.D.5).

N.B. The integrity of the data written into a
file is not assured unless the file is properly
terminated.

If DEST is not specified, DP is assumed.

(See comments under the DELETE command

describing how the remaining blocks of
the file are released)
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VI.E.34 ZERO SYSTEM

Purpose: To clear all SIO disk buffers of any holdover sectors
before changing disk cartridges in a drive.

Format: VAS

Comments: The hueristics used in the SIO Driver to minimize disk
sector reading and writing cause sectors to reside in core. If a
disk is changed in a drive, and a sector is accessed that resides in-
core from the previous disk, SIO will use the o0ld sector rather than
read the new one (usually resulting in a Format Error).

The ZS is used to clear out all SIO buffers so that there is no hold-
over, and all new sectors are read.
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VI.F

FDOS EXECUTIVE MESSAGES

1. The FDOS Executive prints messages when certain conditions

as follows:

~arise. Those which apply generally to the various commands are

ILC

 The last command processed by the Executive is de-

fective in some way, most probably because an illegal
character appeared or because one of the parameters
does not fall within the expected set of values.

The Executive discards the remainder of the command
line and waits for the operator to type another.

NOT READY (unit)

When the Executive attempts to perform an operation
on a unit, the driver, DIO, checks to see if the unit
is ready before issuing the command. If the unit is

" not ready, the driver returns the "not ready" in-

dication, and the Executive prints the "NOT READY
(unit)" message.

WRITE LOCK (unit)

This message is printed if DIO returns the "wrlte
locked" indication in response to an attempt to
write on a write-protected disk or cassette deck.

EOF (unit)

This message is printed if DIO returns the "end of
file on read" indication in response to an attempt
to read data from a unit. This is usually not an
error condition during executive operations. It

is printed mainly to help the operator keep track of
the progress of multifile operations.

END OF TAPE (unit)

This message is printed if DIO returns the "end of
tape" indication on an attempted read/write operation.
This results in the termination of the command and the
loss of the remainder of the command line. The
Executive waits for the operator to type another
command. :
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WRITE ERROR (unit) _
This message is printed if DIO returns the "rate
error" indication in an attempt to write on a disk.

READ ERROR (unit)

This message is printed if DIO returns a "rate error"
or "CRC" (parity) error" indication in an attempt to

read from a disk, or if DIO returns a "parity error"

indication in an attempt to read from cassette.

FORMAT ERROR (unit)

This message is printed if, while accessing a named
disk file, the name code in the first word of each
sector does not .werify with the file name i(chaining
error).. '

UNKNOWN DEVICE (unit)
No such peripheral device has been defined (at
sys—-gen time) in the system.

IMPROPER REQUEST (unit)
This message is printed if unit specified cannot
perform the function requested.

TYPE 'GO' WHEN READY

This message is printed after "NOT READY (unit)" .and
"WRITE LOCK (unit)" messages and at other times.

When the operator types "GO", the Executive retries
the operation or goes on to its next task. If the
operator types "NO", the Executive aborts the command.

2. The "fixed address files" reserved for the basic FDOS soft-
ware system are named SYSY, SYSl, SYS2, SYS3, and SYSM. To
protect these, and to allow for other protected files, any file
whose name begins with the letters "SY" is considered a "system"
file. When such names are input to the Executive the following
is typed for each reference:

SYyxx?!
ARE YOU QUITE SURE?
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VI.G.

Only the response of "JA" will cause the Executive to continue
processing the requested command. Any other response will cause
the "ILC" message, and that command (plus the remainder of the
command line) will be aborted.

To avoid inconvenience when intentionally doing work with these
files, the Executive has two additional commands:

SE System name work Enable
SD System name work Disable

In the Enabled mode (SE), the above discussed verification
message is not typed, nor is a response expected. The "SD"
command returns the Executive to the normal mode (ie., the
verification is performed on each "SY" reference). In addition,
the execution of a RE, WE, FD, DL, RN, AQ, or QU command causes
the Enable mode to be exited at the end of the current command
line; an illegal command or system reload causes an immediate
exit from the Enabled mode.

PAPER TAPE EQUIPMENT CONSIDERATIONS

Since paper tape equipment does not have file-manipulation
capabilities, special considerations apply when it is specified
in a command.

1. Ten nulls (feed frames) define an End-of-File on input from
paper tape. Thus, when mounting a paper tape on the low-speed
(TTY) reader, valid data for the desired file must be placed
within ten frames of the read station; if this is not done, an
"EOF LS TAPE" message will occur upon subsequent input from the
low-speed reader. '

2. On input from the high-speed reader, nulls are ignored until
a valid record (of the specified type) is encountered; thus the
tape can be mounted at any point on the leader.

3. If an operation with paper tape is aborted before completion
(such as a compare error when verifying from paper tape to some
other device) the driver retains the fact that the paper tape

is in the middle of the file. Thus, if the operator positions
the paper tape back to the beginning, the driver must be informed

of this manual intervention. This can be accomplished by rewinding

the appropriate reader (RE HT or RE LT). A HLT 6¢B will occur,
thus reminding the operator to reposition the paper tape; when
complete, press RUN.
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4, If an ASR33 punch is used, two halts apply:

HLT 56B - printing complete; turn on low-speed
punch and press RUN.

HLT 55B - punching complete; turn off low-speed
punch and press RUN,
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VIT.

VII.A.

VIT.A.1.

SYSTEM PROCESSORS

The FDOS system processors provided are (primarily)
modified versions of standard Hewlett-Packard pro-
grams. The modifications allow the various proces-
sors to be called by (and return to) the FDOS Exec-
utive, thus achieving automatic, "hands off" opera-
tion. The modifications also allow the processors
to position the I/0 media between passes, providing
the media is disk or cassette. If the I/0 unit de-
fined is paper tape, certain halts will occur during
processor operation to allow manual intervention;
upon completion, RUN is depressed to continue the
processor. These halts are:

HLT 6#B - end of paper tape; rewind tape, mount in
reader, and press RUN.

HLT 57B - end of source section; mount next paper
tape and press RUN.

HLT 56B - (ASR 33 only) printing complete; turn on
low-speed punch and press RUN.

HLT 55B - (ASR 33 only) punching complete; turn off
low-speed punch and press RUN.

EDITOR

This program is a modified version of the Hewlett-
Packard Editor 20100B. Its operation is very similar
to that described in the manual HP 02116-9016, with
the primary difference that the "/D" device selection
(instead of "/M") refers to input and output via FDOS
functional units.

The following brief summary of the editor's operation
can be supplemented by reference to the above-mentioned
HP manual:

Entry of the Edit File.
The program asks for the edit file device.
The following answers are accepted:

/T Edit file is to be typed
/A Edit file is to be read from AK.

The Edit File consists of combinations of the following
commands:

/F,n Open the n-th file. That is, copy files from
the Input unit to the Output unit until the begin-
ning of the n-th file is reached. /F,1 is assumed
if any edit command other than /L or /L,n appears
as the first line of the edit file.
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/I,n Ins
the
all
con

/D,n,m

/R,n,m
/CI,n,m

/CD,n,m,k
/CR,n,m,k

/L,n Lis
onl

ert one or more lines after the n-th line of
currently opened file. The lines inserted are
those lines of the edit file lying between this
trol statement and the next control statement.

Delete line n through m of the currently opened
file. /D,n is used to delete the n-th line.

Replace lines n through m of the currently opened
file. /R,n is used to replace the n-th line.
/Ryn,m has the same effect as /I,n-1 followed

by /D,n,m.

Insert text after the m-th character of the

n-th line of the currently opened file. The text
to be inserted appears on the line following this
control statement.

Delete characters m through k of the n-th line
of the currently opened file. /CD,n,m deletes
the m-th character. :

Replace characters m through k of the n-th line
of the currently opened file. This is equiva-
lent to /CI,n,m-1 followed by /CD,n,m,k.

t the n-th file. /L is equivalent to /L,1. The
y other command allowed in an edit file contain-

ing this command is /E.

NOT

/f Delet
/E Close
the »

the e
only
to be

E: that the HL device must have been assigned.
e the last previous line of the edit file.

the currently opened file (if any), i.e., copy
emainder of it to the Output unit and terminate
dit.  Note that if a /L,n command appears as the
other line in the edit file, no file is considered
open, so no copying to the Output unit occurs.
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VITI.A.2.

VII.B

If an end-of-file is encountered before a /E command is found,
the editor says "END OF TAPE".

To read the remainder of the edit file from another tape,
position the new tape in the Input unit and type "GO".

To terminate the edit file, type /C followed by /E.
Specification of the symbolic file device.

The program asks for the symbolic file source device and the
symbolic file destination device. The possible replies are:

/D Use DI or DP.
/A Use AI or AP.

If an end-of-file or end-of-punched-tape is encountered during
symbolic file input, the editor says "END OF TAPE". If further
symbolic input is not required, the edit process is completed
and a return to the Executive is made via a transfer to the
System Loader (X754@B). If further symbolic input is required
(e.g., in the /F,n command), the Editor proceeds to input the
next file from the input device. If paper tape is being used,
the operator must mount the next tape in the reader.

ASSEMBLER

This program is a modified version of the Hewlett-Packard
Assembler 24031B. It is supplied in three versions: Floating
Point (ASMBF), EAU (ASMBE), and Non-EAU (ASMBN). It uses DI
for source input, DP for binary output, and offers a choice

of list output to HL or PL. Listing uses PL if the P option
is specified during the call of the assembler (e.g.,

RU ASMBF,,,,P).

The assembler recognizes I/O options specified by the contents
of certain locations in the parameter area of the Communication
Region. If the assembler is loaded using the Executive
program, these can be set by a call of the form:

RU ASMB, ,Pl,P2,P3

NOTE: The calls for all three assemblers (ASMBF, ASMBE, and
ASMBN) are the same; the name of the version desired would be
used instead of ASMB. It may be desirable to delete the unused
assemblers from the working disk, and rename the desired one to
ASMB (see Software Installation section).
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If the Executive is not used, Pl through P3 must be set into
cells PARAM +1 (X7525B) through PARAM +3 (X7527B). Numbers
must be entered as their actual values, while letters are
represented by their 7-bit ASCII codes. Missing parameters
are set to zero. The parameters are interpreted as follows:

1

P1:K accept control statement from PK;

I = ignore first statement of the source program
(assumed to be the control statement) and
accept control statement from PK;

If Pl is any character other than I or K, the
control statement is expected to be the first
statement of the source program.

P2: The number, counting from one, of the file on
DI to be assembled; if not specified, defaults
to assembling the first file.

P3:P = Write listing and symbol table (if requested
in control statement) to PL; otherwise use HIL.
NOTE: If HL used and it is a disk logical unit,
a file must be quened on HL even though no
listing or symbol table is requested; this is
because HL must be capable of receiving any
error messages, etc., that are generated.

The assembly control statement consists of "ASMB" followed by
one or more of the following:

,A. Absolute assembly

R Relocatable assembly

,B Produce a binary output

;L Produce a list output .

,T Write the symbol table at the end of the list output
(if any).

,C Follow the assembly by a call to the Cross-Reference
Table Generator.

NOTE: If the listing: is directed to HL, the normal error summary

is also printed on CL at the end of each pass for the
operator S convenience.
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Use of the Assembly Control Statement C option causes the code
for CROS to be set in LERR (X7537B) before the transfer to the
System Loader (X754@B) which occurs at the end of the assembly.
The program first clears PARAM+1 (X7525B) and then loads the
Cross~Reference Table Generator.

If the Assembler detects an End-of-Source Section condition
(End-of~File on disk/cassette or End-of-Tape on paper tape
prior to detecting an END statement), then the following
applies: ”

1. If DI is a paper tape device, a HLT 57B is executed;
- this allows the operator to mount the next paper tape
of the source program. Press RUN to continue the assembly.

2. If DI is cassette, the same HLT 57B considerations apply.
However, upon detection of the END statement (interpass
rewind) the Assembler will initiate a rewind, wait for
rewind completion, then issue a HLT 57B,C (103057B instead
of 102057B); this informs the operator to turn the cassette
over and position it to the begining of the source program.
An Assembler Control Statement C option (call for CROS) is
treated the same way (interpass rewind). -

3. If DI is a disk logical unit, no haltS’oécur; the Assembler
assumes that the various Source Section files have been
Queued on DI prior to calling the Assembler.

The control statement errors "CS" and "R?" are printed on PL (in
addition to HL if it was chosen in the assembler call) and a new
control statement is accepted from PK. If the original statement
was from the source program (DI), then the "I" option of the
assembly call is forced (see Pl parameter description).

The Floating Point instructions FIX and FLT can be used even
though the Floating Point hardware is not available. The Non-EAU
and EAU Assemblers generate calls to library functions IFIX and
FLOAT, respectively, and automatically provide for the external
statement linkages (as they do for FDV, FMP, FAD, and FSB).
Except for speed, the differences between the Non-EAU/EAU
Assemblers and the Floating Point Assembler are transparent to
the user.

In order to use the EAU shift~-rotate instructions (ASR, ASL, LSL,
RRR, RRL, and SWP) the EAU hardware must be available; the Non-EAU
Assembler does not recognize these instructions.

VII-5



The RAM instruction (not mentioned in most HP documentation),
which is used for executing user's microprograms, is implemented
in all versions of FDOS assemblers.

VII.C. CROSS—REFERENCE‘TABLE GENERATOR

This program is a modified version of the Hewlett-Packard Cross-
Reference Symbol Table Generator program 24109B. It uses DI

for input of the source program and offers a choice of list
output to HL or PL. Listing uses PL if the P option is specified
during the call. :

The Cross-Reference Table Generator recognizes several options
specified by the contents of certain cells in the parameter
area of the communication region. If the program is loaded
using the Executive program, these can be set by-a call of the
form:

RU CROS,,Pl,P2,P3

If the Executive is not used, Pl through P3 must be set into
cells PARAM+1 (X7525B) through PARAM+3 (X7527B). Numbers must
be entered as their actual values, while letters are represented
by their 7-bit ASCII codes. Missing parameters are set to zero.
The parameters are interpreted as follows:

Pl:K = accept a range of characters from PK, and do a
cross reference table of all symbols whose
initial characters fall into the character
range included between the two characters typed.
Otherwise, do a table of all symbols.

Lagt drmosfon, Faow Srert chuon sl

P2: ‘The number, counting from 1, of the file on DI

to be processed. :

P3:P = write output to PL. Otherwise,‘use HL.

If the Cross-Reference Table Generator program is to be called
automatically when the C Assembly Control Statement option is
specified, it must be on the system disk (if the Executive is
used) with the name CROS. In the case of an automatic call
from the assembler, Pl is cleared, and P2 and P3 are as they
were specified for the assembler. »
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VII.D. DEBUGGER

'II.D.1.

The interactive debugger program (DEBUG) supplied by Dicom is
used to interface with machine language, SIO-oriented, user
routines as an aid in debugging. DEBUG provides for an active
breakpoint within the user's routines. The accumulators (A and
B registers) and memory can be examined and modified from the
console device TTY (either the standard HP-interfaced tele-
printer or "deck zero" Teletype/CRT) after a breakpoint has
occurred.

When the breakpoint (that has been inserted in the user's program)
is encountered, DEBUG is entered via a jump through location 4B.
Upon entering DEBUG via the breakpoint, the contents of the A,

B, Overflow, and Extend Registers are saved; thus these registers
can be restored by DEBUG when returning to the user's routine

via the Proceed or Run Commands of DEBUG. When entering DEBUG
via the breakpoint, the breakpoint address and the values of the
A and B registers are printed on the console device; at this
point DEBUG can be used to examine memory locations, dynamically
"patch" the user's program, establish a new breakpoint, and
re—~enter the user's program.

DEBUG commands are single keystrokes (usually letters) pre-
ceded by an argument when applicable. The argument defines
a memory address. The commands recognized by DEBUG are
described below.

DEBUG COMMANDS

N/ Print contents of location N. Location N is then
open, so an octal number followed by RETURN or
LINEFEED will cause that number to be stored into
location N. If no number is typed before the
RETURN or LINEFEED, location N is not modified.

N; ' Print contents of location (N+offset). This
location is now open, as above.

/ Reopens location N.

Reopens location (N+offset).

e

LINE Close current location (N or N+offset), changing the
FEED contents if a number was typed before the LINEFEED,
and open next by typing
(N+1) / XXXXXX
" or (N+1); XXXXXX
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RETURN

8/

1/

Same as LINEFEED, except that the next location is
not opened.

Same as LINEFEED, except that the previous location,
rather than the next, is opened.

Examine and open the A-register location. This
location is set to the value of the A-register on
each entry into DEBUG, and it is used to set the
A-register before transferring control in response
to P or R.

Same as @/, except for the B-register.

Examine and open breakpoint. A value of zero
indicates that there is no breakpoint. A non-zero
breakpoint causes a JSB 4B,I to be placed in the
location specified just before the DEBUG transfers
control in response to P or R. (N.B. Location 4B
is used as a pointer). A breakpoint can not be
used on multiple-word instructions.

Examine and open the E and O location. This location
is set to the values of the Extend and Overflow
registers on each entry into DEBUG, and it is used to
set them before transferring control in response to

P or R. The format of the word is: E=bit 15;

O=bit d.

Examine and open the location specified in bits
14-g of the contents of the last location opened.

Examine and open break pointer location.

Relocate DEBUG by a multiple of 2@@@B, so that it
resides on the memory page containing location N.

Examine memory referenced by last contents.
Proceed from a breakpoint. When a breakpoint has
been inserted into a program at location XXXXX and
the program reaches that location, the debugger
prints.

XXXXXB aaaaaa bbbbbb

Where aaaaaa and bbbbbb are the contents of the A-
and B~ registers. The operator can now use DEBUG
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VII.D.2.

VII.D.3.

commands to modify memory locations (including
XXXXX), move the breakpoint, change the values
of A,B,E, and 0, etec. If it is then desired
to continue execution of the program, the P
command is used.

If the breakpoint has not been moved, then P
cannot be used if XXXXX contains a JSB to a
subroutine which expects an argument in a
location prelative to the location of the JSB,
or which has a return to any location other
than one of the two locations following the JSB.

NP Proceed from the breakpoint N times.

NR Run from location N. A,B,E,and 0 are set and
control transfers to location N.

S Proceed from the breakpoint, but suppress break
message.
NS Proceed from the breakpoint N times, but suppress

all but last break message.

NT Trace - move breakpoint to location N and pro-
ceed from the breakpoint.

X Examine and open the offset register. This is
the offset used in connection with the semicolon.
STARTING DEBUG
The debugger is called via the Executive by
RU DEBUG,, P1, P2

where: Pl is the channel number of the teletype (octal

" followed by B) or CMTS for deck zero (octal with the

high bit set followed by B). If not specified, the
default value is 12B.

P2 is the page to which the debugger is to relocate
itself after start-up (using its "L" command). If
not specified, no relocation takes place.

If loaded without the Exec, parametérs must be set or
cleared. '

RECONFIGURING DEBUG

If it is desired to. change the default value of the
debugger console, set location B00201B to the desired
value (high bit set if CMTS deck zero), remove the
write protect tab from the system disk, and type:
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TQ D1, DEBUG; TQ D2, DEBUG; VE D1,D2,08,BA;
SA D2, 281,, 428; WE D2

VII.E. FDOS FORTRAN COMPILER

The FDOS FORTRAN package consists of modified versions
of the Hewlett-Packard FORTRAN pass one and pass two
programs (HP 20548A). Pass two is supplied in two
versions; Floating Point/EAU(FOR2E) and Non-EAU(FOR2N).
The package uses DI for source input, SC for interme-
diate-tape storage, DP for binary output, and offers a
choice of list output (if requested) to HL or PL.

FORTRAN recognizes options specified by the contents of
certain locations in the parameter area of the Communi-
cations Region. If FORTRAN is loaded using the Execu-
tive program, these can be specified by a call of the
form:

RU FORT,,P1,P2,P3,P4

If the Executive is not used, parameters Pl through Ph
must be set into cells PARAM+1 (X7525B) through PARAM+4
(X7530B). Numbers must be entered as their actual values,
while letters are represented by their 7-bit ASCII codes.
Missing parameters are set to zero. The parameters are
interpreted as follows:

P1:K
I

accept control statement from PK;

ignore first statement of the source program
(assumed to be the control statement) and
accept control statement from PK;

1nn

If Pl is any character other than I or K,
the control statement is expected to be the
. first statement of the source program.

P2: the number, counting from one, of the file
on DI to be compiled; if not specified,
defaults to compiling the first file.

P3:P = write all listings and symbol table (if
requested in control statement) to PL;
otherwise use HL.

NOTE: If HL used and it is a disk logical
unit, a file must be queued on HL even though
no listing or symbol table is requested;

this is because HL must be capable of re-
ceiving any error messages, etc., that are
generated.

P4:E = wuse Floating Point/EAU version of pass two
(FOR2E).
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X = use FOR2X or FOR2F version of pass two;
or F these names have been included in order to
accomodate user-supplied (or future) versions
of pass two.

If P4 is any character other than E, I, or X,
the Non-EAU version of pass two (FOR2N) will
be used.

The compiler control statements consist of "FTN" followed by
.one or more of the following:

,A Produce Assembly level listing (Pass two)
,B Produce Relocatable Binary
,L. Produce source listing (Pass one)

T Produce Assembly level symbol table only
(Pass two).

The FDOS FORTRAN Compiler called is stored on disk in two files:
pass one (FORT) and pass two. FORT performs an initial pass
over the source program, converting the FORTRAN statements into
an intermediate binary form. This intermediate binary file is
written onto a scratch file (the first file on SC is used),
which is read by pass two and translated into standard relo-
catable binary format.

To operate FORTRAN, the user must Quei& the FORTRAN source

program in DI, Queue a file for the relocatable binary as the

next file on DP, Queue a file on SC for the intermediate-tape, and
Queuve a.file:on’HL.(if required).. .Ifi/HL is specified.for: list

and HL is a disk logical unit, a file must be available (even
though no listing is requested; see P3 description); if this

is not done, the compiler will halt with an "End-of-tape in
write"(HLT 66B, see Section IV.C.1l).

A scratch file must be queued as the first file on the scratch
unit (SC). This scratch file can be left on the disk, where
it will be used each time FORTRAN is run, or it may be deleted
after FORTRAN is run. FORTRAN will run faster if the scratch
file already exists on the disk, so it is wise to simply leave
the temporary file on the disk.

After the files have been queued appropriately, the user types:

RU FORT,,P1,P2,P3,Ph4
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VII.F

When the program comes into memory it positions DI and ejects
a page on the list unit (just a "thunk" on PL if the Form Feed
option is in effect). Then it waits for the user to type the
control statement if the P1L =K or I. The compilation is then
performed, and the program returns to the FDOS Executive by
transferring to the System Loader (X754¢B).

DISK UTILITY PACKAGE

The FDOS Disk Utility Package (DUP) was designed primarily to
duplicate disks. It is structured to copy and/or verify on a
track for track basis (instead of being sector oriented as is
the rest of FDOS). This approach results in a significant
saving of time; it takes approximately forty-five seconds to
reproduce (copy and verify) an entire 131K word disk using
DUP, vs. two and one-half minutes using a sector for sector
basis.

DUP is not part of the Executive, since DUP requires 4K of
memory (two tracks) for buffers.

When DUP is called, command information is passed via the
standard parameter scheme. If DUP is called using the
Executive program, these can be specified by a call of the
form:

RU DUP, ,Pl,P2,P3,P4,P5,P6
If the Executive is not used, parameters Pl thru P6 must be
set into cells PARAM+1 (X7525B) through PARAM+6 (X7532B).
Numbers must be entered as their actual values, while letters
are represented by their 7-bit ASCII codes. Missing parameters

are set to zero. The parameters are interpreted as follows:

Pl: command; C (copy), V (verify), or R (reproduce- .
copy and verify).

P2: source disk drive (SDISK); D,E,F,G, or S.

P3: destination disk drive (DDISK); D,E,F,G, or S.
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P4: initial disk address (FSECT).
P5: final disk address (LSECT).

P6: target disk address (TSECT; initial sector
on destination disk drive).

NOTE: Parameters entered for sector addresses are treated as
decimal values unless followed by "B".

Default values for the parameters are:

Pl (cMD) - =R
P2 (SDISK) = S
P3 (DDISK) = E
P4 (FSECT) =g

P5 (LSECT) = FSECT if FSECT is specified,
else use 1777B.
FSECT

P6 (TSECT)

If "D" is specified for either SDISK or DDISK, then when DUP
is loaded it types

DISKS READY?

to allow the operator to place the desired disks in the drives.

A response of "Y" initiates the specified command. A response of
"X" causes an Executive reload via a transfer to the System
Loader. Defining SDISK as "S" (meaning a "system" disk) causes
drive "D" to be used, but DUP skips this question.

When DUP has completed processing the specified command it types

DONE
SYSTEM READY?

to allow the operator to exchange disks. A response of "A"
(again) causes DUP to repeat the specified command; a response
of "Y" causes the Executive to be reloaded via a transfer to the
System Loader (NOTE: a "system" disk must be installed in

drive D).
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If DUP is called using defaults for all parameters (RU DUP)
the disk in drive D is duplicated (copied and verified) onto
drive E. DUP communicates using the Console List and Console
Keyboard (CL nad CK) units.
ERRORS:
If the parameters entered are in error, DUP types
ILLEGAL REQUEST
and reloads the Executive via a transfer to the System Loader.
If an error is detected during verification, DUP types
COMPARE’ERROR
and proceeds to the "SYSTEM READY" question.
If bit 15 is set between transfers, then DUP types
ABORTED

-and proceeds to the "SYSTEM READY" question.

All device errors cause SIQO/XIO halts; see Section IV.C.1l.
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‘VIII.

7TIII.A.

FDOS BCS PACKAGE

In addition to the Basic Control System Drivers provided, other
programs are needed to allow the Hewlett Packard computer user
to take full advantage of the FDS in a BCS environment. The
FDOS BCS package provides disk I/0 facilities during the Pre-
pare Ccontrol System process. It also provides console device
interaction, I/O capabilities, and an interface with the SIO
Driver package (and, consequently, with the entire FDOS system
if desired) during the loading process.

The FDOS BCS package contains the following modules:
*¥Disk Prepare Control System (DPCS), absolute binary
*Input/Output Control (.IOC), relocatablé binary:-
*Teleprinter BCS Driver (D.@@), relocatable binary
*Cassette System BCS Driver (D.35), relocatable binary
*Floppy Disk System BCS Driver (D.36), relocatable binary
*FDOS Relocating Loader (RLOA), relocatable binary
*Subroutine Library, relocatable binary

In addition, a configured BCS file (ABCS, Absolute Basic control

System) is provided; this file was built using the above modules

and hardware configuration in Section V.A.

DISK PREPARE CONTROIL SYSTEM
The Disk Prepare control System (DPCS) is a modified version of

the standard Hewlett Packard Prepare control System (PCS).
DPCS processes relocatable modules of the Basic Control System

.and produces an Absolute Basic Control System file (ABCS) that

is configured to work with a specific hardware configuration.

It creates operating units of the Input/Output control subroutine
(.I0C), the equipment driver subroutines (BCS Drivers), and the
Relocating Loader (RLOA). It also establishes the contents of
certain locations used in interrupt handling. Options are
available to define the equipment driver modules and other BCS
system subroutines as relocatable programs to be loaded with the
user's object program.

DPCS is an absolute program which runs in the SIO environment
using the configured SIO Driver (see Section V). The order in
which the BCS modules are loaded and processed by DPCS is not
significant, except that the disk BCS Driver must be the first
module loaded and the FDOS version of the Relocating Loader

must be the last module loaded. Two modules, the Input/Output
Control subroutine and the Relocating Loader, require that

the parameters be entered via the keyboard after being loaded.
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The EQT input of IOC has been modified in two ways to handle the
D.36 driver: first, the Unit Number can be one or two digit
octal value in the range # to 37; secondly, another input follow-
ing the Unit Number has been added which defines the offset
between the disk data channel and the disk control channel as

a "C" followed by a one or two digit octal value in the range

1 to 17. Thus, the Equipment Table Statement is of the form:

nn,D.ee(,D) (,Uu(u)) (,Co(o0))

The first word of the EQT has been changed to assign bits 10 thru
@6 to the Unit Number (instead of bits #8 thru #6), and to assign
bits 14 thru 11 to the disk control channel offset. These added
bits (14 thru #9) were previously unused.

In addition to the above changes, all loader diagnostics and
completion of DPCS cause a reload of the Executive (via a
transfer to the System Loader, X754LB).

DPCS is an absolute program which runs in the SIO environment;
it uses the SIO Driver to load the various BCS modules from
DI and to write the configured BCS file (ABCS) onto DP.

Since the SIO Driver has been configured for the I/0 aspects
(see Section V.A.), most of the initialization phase of HP's
PCS is not required in DPCS. It should be noted that DPCS can
be used to prepare a BCS system for a hardware configuration
different from the one that DPCS is being run on. This is
possible because the ABCS file is not built in core, but on
the disk.

To operate DPCS, proceed as follows:

1. Since the BCS Drivers to support a hardware configuration
defined in Section V.A are Queued on D3 of the "skeleton" disk
shipped from the factory, it is only necessary to reassign DI
to this unit prior to calling DPCS. This, along with obtaining
a list of the modules that will subsequently be processed by
DPCS, is accomplished by typing:

AS DI,D3;LD DI
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The Executive responds by typing

D.36
D.36X

D.gg
D.35

.I0C.
RLOA

If additional BCS Drivers are to be incorporated, they should be
copied to disk and Queued to D1 preceding RLOA.

2. Open a file on DP to receive the ABCS file generated by DPCS,
and call DPCS by typing ’

QU DP,ABCS;RU DPCS
 NOTE: Foiibwing this section is a sample dialog of DPCS.
3. DPCS will be loaded, and will type

FWA MEM?
requesting the first word of available memory, i.e., the first
word in the base page following the locations required for in-
terrupt processing; this word.defines: thesstartoof-the BCS-system

linkage area. Here, as with all subsequent addresses requested
by DPCS, reply with an octal number.

4. DPCS will type

LWA MEM?
requesting the last word of available memory. This word is
usually the location prior to the protected area (e.g., X7677B),
or the location prior to the FDOS System Loader (X7533B) so that

the BCS system may interact with the System ILoader (and there-
fore, the entire FDOS if desired). Reply appropriately.

5. DPCS will type

SYS RST?
requesting the system restart address to be used by BCS when
returning to the SIO environment via the System Loader. Use

X7544 (cold start) since SI0 and BCS use different in-core
- buffers and tables. . :
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6. DPCS will type
*LOAD

informing the operator that it is ready to process a BCS module
from the system Input unit (DI). The modules may include .IOC,
the various BCS drivers, and the Relocating Loader (RLOA). To
cause a module to be loaded, strike any key on the keyboard
followed by Return-Line Feed. The "*LOAD" message 1is repeated
after each module is loaded until RLOA has been processed.
Diagnostics are printed if certain error conditions occur during
the loading.

The absolute lower and upper bounds of each module within BCS
are listed after the module is loaded. The format is as follows:

MODULE NAME
11111 wuuuuu

NOTE: For details of Input/Output control (.IOC) and the
Relocating Loader (RLOA) operation, the user should
refer to the Hewlett Packard BASIC CONTROL SYSTEM
manual, P/N 02116-9017; to A POCKET GUIDE TO THE
2100 COMPUTER, or to A POCKET GUIDE TO HEWLETT- )
PACKARD COMPUTERS; oOor to A POCKET GUIDE TO INTERFACING
HP COMPUTERS.

7. When .IOC has been loaded, DPCS requests the information
needed to construct the Equipment Table (EQT), the Standard
Equipment Table (SQT), and to define the Direct Memory Access
statement. Refer to the dialog following this section for
examples of these. :

8. When RILOA has been loaded, DPCS requests the parameters
needed to set the interrupt linkages for input/output processing;
for examples, refer to the dialog following this section. When
these have been supplied, DPCS goes on to Processing Completion;
the final step in DPCS processing is the writing of the Absolute
Basic control System file (ABCS) on the system Output unit (DP).
When this is completed, control is returned to the FDOS Exec-
utive via a transfer to the System Ioader.
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VIII.B. FLOPPY DISK SYSTEM BCS DRIVER, b.36

The FDS BCS Driver (D.36) is a relocatable driver operating in
the interrupt environment which accesses the disk data in the
same format as does the SIO Driver. D.36 accepts commands and
returns status in the standard form expected by the Input/Output
control program (.IOC). This driver is not designed to be used
with the Hewlett Packard Buffered IOC, since that program cannot
assure the sixty microsecond interrupt response time required
by the FDS.

s
RN

A separate BCS module, D.36X, is also provided. This module
contains the Logical Unit Parameter Tables and Buffers for D.36,
which D.36 refers to with externals to determine how many buffers
are available and how many drives are to be supported. The
source (SD36X) of this module is also provided so that the user
can edit the module to any unique requirements.'

The commands on the following page are accepted by the driver.
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Bits
1111110090090
5432139876 Operation
B IFIXXXXXX CLEAR REQUEST
PP ILXXXXXSP READ ASCII RECORD
dFFLXXXXX1L READ BINARY RECORD
g FFLXXXXL11 READ VARIABLE BINARY RECORD
g FLIXXXXX M WRITE ASCII RECORD
g FLlLPXXXXXL1 WRITE BINARY RECORD
g PFLLXXXPZL WRITE END-OF-FILE
ggllxxx g1l1 SKIP ONE ASCII RECORD
gFL1IXXX1E P REWIND '
gP1lL1IxXxXXX1l1lg SKIP TO END-OF-FILE
FPlilIxXxXxXx1l1ll SKIP ONE VARIABLE-BINARY RECORD
NOTE: A read record command with a buffer address of zero
will produce a skip-one-record of the designated type
(i.e., ASCII, binary, or variable binary). All other
commands are rejected by the driver.
The following status returns are generated by the driver:
Bits '
76543214 Meaning
1 XXXXXXX END-OF-FILE DETECTED
X1XXXXXX REWIND JUST EXECUTED (AT BOT)
XX1XXXXX END-OF-TAPE ON READ, DISK FULL ON WRITE
XXX1XXXX WRITE ERROR (OTHER THAN WRITE PROTECTED)
XXXX1XXX BROKEN TAPE (SECTOR CHAINING IN ERROR)
XXXXX1XX WRITE PROTECTED
XXXXXX1X READ ERROR
XXXXXXX1 DEVICE BUSY OR NOT READY OR INOPERABLE

Bit 14 of EQT word 2 is set for read errors and write
errors other than write protected.

The Driver returns to .IOC. with the following conditions:

B Meaning
OPERATION INITIATED, IN PROGRESS

S

s88082

g 3388 OPERATION EXECUTED AND COMPLETED
g B804

33388

ILLEGAL FUNCTION WAS REQUESTED
DRIVER OR DEVICE IS BUSY OR NOT READY
OR A "BROKEN TAPE" CONDITION EXISTS

If the EQT is incorrectly configured, i.e., illegal Logical Unit
number or the DMA state from EQT does not match DMA state of the
driver, then the ***FATAL*¥**%* halt at "IOERR" (in.IOC) will occur,
with A = 3 (for misconfiguration) and B = absolute address of the
"JSB .IOC". '
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VIII.C. DISK DATA I/O DURING BCS OPERATION

Since the disk is a file-oriented device, and since D.36 has
file-manipulation capabilities, the disk can be thought of as

a mag tape. Thus, a user program can store and retrieve data <
on disk by using the FORTRAN Auxilary Input/Output Statements
of REWIND and ENDFILE as an example. However, prior to doing
disk I/0, the file or files must be "opened" on the appropriate
disk logical unit (the Unit Reference Numbers defined in the
EQT during DPCS) and the Logical Unit Directory set up; this is
analagous to mounting the mag tape.

This "opening"” of files and LUD set up can be accomplished via
the Queue command of the FDOS Executive prior to calling the
user program. It may also be appropriate to use the Reserve 7 .:
File command to reduce the amount of head slewing (see QU and
RF command descriptions in Section VI).

During some application programs it may be desirable to have

the same file Queued on both the Output Unit and the Input Unit.
Thus, the user program could output an array, "close" the file
(ENDFILE), reposition the file (REWIND), then input and process
the array.

A note of caution is appropriate here. The .IAR. routine of

the standard HP formatter reads data in fixed blocks of 120
characters (60 words) during an Unformatted Read. Thus, calls
must be in multiples of 60 words, or input data will be lost
(i.e., if 50 was requested, words 51 thru 60 would go to the
"bit bucket"). Also, during Unformatted Read, the total number
of words requested must be a multiple of 60.
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VIII.D.

THE CASSETTE SYSTEM BCS DRIVER, D.35
D.35 is a relocatable driver for the cassette system. It
accepts commands and returns status in the standard form expected
by the Input/output control program (IOC). This driver is not
designed for use with Hewlett-Packard Buffered IOC, since that
program cannot assure the 2 ms interrupt response time required
by the cassette system.
The following commands are accepted by the driver:
Bits 15 - 12 _ QOperation:
0 Clear
1 Read a record
Bit 6 = 1 for binary, @ for ASCII
2 Write a recoxrd
Bit 6 = 1 for binary, @ for ASCII
3 control function:
Bits 8 - 6 Function:
1 Write End-of-File
3 Skip one record
4 Rewind
6 Skip to end of file
7 Skip one record
Any other commands are rejected by the driver.
The following status returns are generated by the driver:
Bit Meaning:
7 End-of-file detected during read
6 Leader detected after rewind
5 Leader detected after operation other than
rewind
4 Write command rejected, but not for write

protected cassette

3 Not Used
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VIII.E.

2 Write protected cassette
1 Error detected during read
g Device busy (not ready)

End of tape status (Bit 5) can only be cleared by issuing a
rewind command. Read error (Bit 2) and write commands rejected
for reasons other than write protected cassette (Bit 4) cause
Bit 14 of EQT word 2 to be set.

THE ABSOLUTE BASIC CONTROL SYSTEM FILE

The Absolute Basic Control System file (ABCS) was built with -
DPCS and the hardware configuration defined in Section V.A.
The following differences exist between the Relocating Loader
module (RLOA) of this file and the standard Hewlett Packard
Relocating Loader: '

*Interaction is via the console device rather than

the switch Register

*¥All loader diagnostics cause a return via the System
Restart Address (see Section VIII.A.S5).
*The subroutine library is a file named LIBN, LIBE,

LIBF, OR LIBX Queued-on the library unit D4.

*After writing an absolute binary file, or in response to
a HALT call, ABCS executes a JMP to the System Restart
Address (see Section VIII.A.S5).

When ABCS (of which RLOA is a module) is loaded, the message
"¥OPT" is typed on the console device. The user must respond
with one or two characters as follows: '

"P" requests writing an absolute binary file on the
system Output unit (Unit-Reference no. 4, normally E2),
followed by a file (on the system Output unit) containing
the entry point list; if a second file is not Queued

on the unit, the entry point list is lost.

"LL" requests printing a bounds list on the system list
device (Unit-Reference no. 6, normally E3). All other
characters have no effect, except that they are counted
(e.g., "Q" signifies to the program that no options are
desired).

Whenever an end of tape condition (e.g., a File Mark) is
encountered, the program types "*LOAD". At this point the
user must type one character (D,F,I;N,T,E-of X), and.may

type "L" if. desired.
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These have the following meanings:
I= %ﬁg%mEEFE%?%Q%%%e from the system Input device (as
D = Proceed to the end-of-loading phase.
T = Terminate loading.
N = Load from LIBN (Non-EAU Library).
E = Load from the LIBE (EAU Library).

F = Load from LIBF (Floating Point Library).

= Load from LIBX (User-supplied library).

RS
!

= (with any of the above) Produce a bounds list on the
system list unit (Unit-Reference no. 6, normally E3);
if a file is not Queued on the list unit, the bounds

list is lost.

At the end-of-loading, the program types ""*LST". The user
must type one character:

L = Produce an entry point list on the console list
device (Unit-Reference no. 2, normally the teletype)

Any other character = Do not produce an entry point list
on the console device

Upon completion, ‘ABCS prints the "*END" message, and reloads
the Executive via a transfer to the System Restart Address
(normally the System Loader "cold start", X75u4i4B).

VIII.F BCS DEBUGGING SYSTEM

The debugging routine provided by Hewlett-Packard as part of
the standard BCS package is fully compatible with the FDOS BCS
package. The user is referred to the Hewlett-Packard BASIC
CONTROL SYSTEM manual, P/N 02116-9017, for integration and
operation instructions.
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VIII.G. SAMPLE DIALOG FOR DPCS
*AS DI,D3 Logical Unit D3 is Assigned to DI.
*LD DI A Logical Unit Directory for DI is
D3: obtained to show which modules will
D.34 be processed by DPCS.
De36X
De2(?
D.35
.10C.
RLOA
*QUl DP»ARCS - A file is opened on DP to accept ABCS.
~ *RU DPCS ) DPCS is called.
Flva MEM? , The First Word of Available memory, the
25 Last Word of Available memory, and the
LWA MEM? System Restart address is defined.
27533
SYS RST?
27544
% LOAD DPCS is ready to process modules; "Z"
7 , (or any character) directs it to load.
De3é& | The FDS BCS Driver is loaded and its
25365 27533 bounds listed.
* LOAD
z
De 36X The FDS BCS Driver's "externals" module
24716 25364 is loaded and its bounds listed.
* LOAD
Z v
D.AQA The teleprinter BCS Driver is loaded and
04162 24715 its bounds listed.
* LOAD
z
D.35 The cassette system BCS Driver is loaded
23320 24161 and its bounds listed.
* LOAD
7
10C IOC is loaded and its bounds listed.

23101 23317
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SAMPLE DIALOG FOR DPCS (Continued)

* TABLFE FNTRY
Unit-

Reference
Number

EQT?
10-D«36,U0-C1 - 7
10,D«365U15C1 lg
10>D365U25C1 11
10>D«365U35C1 12
10>D.365U4,C1 13
17>D36>U55C1 14
-105D«365U65C1 15
10,D«365U7>C1 16
12,D.00 . 17
145D«355,U0 - - 24
14>D.355U1 21
14>D.35>U2 . 22
14,D.355U3 23
/E

SQT?
~KYBD?

17

~TTY?

17

-L1B?

7 .

~PUNGCH ?

15

-INPUT?

14

-LIST? |
16

DMA? , :
0 . .

* LOAD
z

LOADR " .
20345 23005

INTERRUPT LINKAGE?

10,2051.36
11,215C«36
12,2251.00
13,187013
145245135
/E

The Equipment Table is defined; Logical
Unit D4 becomes EQT entry 7, D1 becomes
1@, D2 becomes 11, D3 becomes 12, E4
becomes 13, El becomes 14, E2 becomes
15, -E3 becomes 16, cassette deck zero
becomes 2@, deck 1 becomes 21, deck 2
becomes 22, deck 3 becomes 23, and the
teleprinter becomes EQT entry 17.

Unit-Reference numbers are assigned to
the units in the Standard Equipment
Table. The Library will be D4, system
Output (PUNCH) will be E2, system Input
will be El, and High-speed List (LIST)
will be E3.

No Direct Memory Access channels are
available.

The Relocating Loader is loaded and its
bounds listed.

The Interrupt Linkages are defined for
channels 1¢, 11, 12, and 14; since no
BCS Driver was included for the device
in channel 13, a halt will be executed
if an interrupt occurs on channel 13.
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SAMPLE DIALOG FOR DPCS (Continued)

«SAT. 230ARE&
FQT. 23314

C.36 = 26405

Ne36 P64k
DICOM 25365
T.36 26431

RFTRY 26345
.RUFS 25322 |

.LUPT 25324
.STBL 24717
I0FRR 23275
NBUFS 24716
NLOGU 25323
De® 24162
1.4 24336
JRUFR 23247
D.35 23320
1.35 23757
.10C. 23101
DMAC1 23316
DMAC2 23317
XSQT 23314

XEOT 23315

LST 2A376
.LDR. 22071
MEM. 22777
HALT 22774

*xSYSTEM LINK
PAA2S AM3M1

*7S3RS
*

A list of the entry points is printed.

The bounds of the System Linkage area
are printed. Upon completion of the
writing of the ABCS file to DP, the
Executive is automatically reloaded.
Note that ABCS is built on disk, not
in core. After returning to the
Executive, we zero out the system and
restore the I/0 assignments.
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F DO S

COMMAND

SUMMARY

COMMAND

Add to LUD.
Assign.
Batch.
Batch Exit.
Comments.

Copy.

Directory.
Directory with
Addresses.

Delete.

Dump Disk.
Dump Memory.
Dump Records.

Dump Verify
error records

Format Disk.
Go To.

- If Disk.

- List.

List Verify
error records

List All Units.

Logical Unit
Directory.

Queue.

Reserve File.

Restore.

Repeat Current
Command line

Rename.

Rewind.

Run.

Run from speci-
fied Disk.

Save.

Skip.

Save Start
address.
Temp. Queue.

Verify.
Write.

Write EOQOF.
Zero System.

AQ
AS
BA
BX
* %

CcO

DI

DA
DL
DD
DM
DU

DV

FD

GO
ID
LI

LV

LA

LD
QU
RF
RS

RP

RN
RE
RU

RD
SA

SK

SS
TQ
VE
WR
WE
ZS

FORM

DUNT,NAM1,NAM2, ...
FUNT, PUNT, LCTR,PGCTR
NAME

NAME

Text
SRCE,DEST, #, MODE

DISK,DEST

DISK,DEST

DISK, NAME
DEST,DISK,LO,HI
DEST,LO, HI
SRCE,DEST, LO,HI,MODE

DEST

DISK
ADDR
UNIT
SRCE,DEST, LO, HI

DEST
UNIT

DUNT |
DUNT,NAM1,NAM2, ...
DISK,NAME, #

#

DISK,OLDN,NEWN
UNIT
NAME, SA,parameters

DISK,NAME,SA,parameters
UNIT,FWA,LWA

UNIT,#

UNIT,ADDR
UNIT,NAME
SRCE,DEST, #, MODE
DEST, SRCE

UNIT

DEFAULT CONDITIONS

None.
ILCTR & PGCTR as before.
NAME = next file on BC.

NAME = next file on BC.
N. A,
SRCE: = DI, DEST = DP,

# = 1, MODE =3ASCII.
DEST = CL.
DEST = CL.
None.
DEST = CL, LO = 2, HI =
DEST = CL, LO = 2, HI =

SRCE = DI, DEST = CL,

HI = EOF, MODE = ASCII
DEST = CL
None.
None.
None.

SRCE = DI, DEST = CL,

LO = 1, HI = EOF.
DEST = CL
UNIT = CL.
None.
None.
None.
N. A.
# = infinity (not 32K)
None.
UNIT =DI.
None.
None.
UNIT = DP, .FWA = 2,
CLWA = FWA.
UNIT =DI, # = 1.
UNIT = DP.
None.
‘(same as Copy).
DEST = DP, SRCE = CK.
UNIT = DP.
N. A.



The following parameters are used with FDOS Executive commands:

ADDR = octal address

# = number of files or sectors to process, or number of repeats.

DEST = any functional or physical unit

DISK =D, E, F, or G (floppy disk drive) or logical units or func-
tional unit assigned to disk.

DUNT = D1, D2, D3, D4, El,...,G4 (logical units of DISK)

FUNT = functional unit

FWA = first word address

HI = last record or address to be proceséed

LCTR = page-spacing line counter

LO = first record or address to be processed

ILWA = last word address

MODE = mode of data; A (ASCII), BA (absolute binary),

or B (relocatable binary)

NAME = name of a disk file

PGCTR = page-spacing character

PUNT = physical unit

SRCE = any functional or physical unit
UNIT = any functional or physical unit

NOTES: Any number input which defaults to octal (disk and core
addresses, etc.) can be followed contiguously by "I", which sets

bit 15 before further processing. This is useful with the GO

command; for example, to transfer indirect to the (core resident)
DEBUG breakpoint entry use "GO 41I".

DISK or DUNT values can be referenced implicitly or explicitly via
Functional Units, Physical (disk logical) Units, or disk drive letters.
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ul30=*
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ou32
Lu33
Ulsu
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2037
uo38
0039
Lo40
yiy4y
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00434
DUHY
U045
Uy

L3 #01  COGRE ALl

L1&k STIZES

CUFE SIct = oKk NUORHAL Y 12K 1F7 (Ch & MT)
10200 GG 1000UL

1FZ

(hC 20000

Y 1F
10000 cLrbt EGUL =
STAFT GF RCCILOGALER LCAL ARLA T EXECe HLLATTIVL
peeaou kG ebltb

1F 2
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X1F
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PaAGE CCGd #Ud

uoge  ooel

004¢c cusuu

050 (ocLeol

UuS1 cCez200

Go0s2 Guol0

00532 L3l

uos5Yy  oCLlY

C055»

U0%& 07600

U057 UG7#00 De36EL
UUBR 27601 073664
U052 07602 1U2074
U0el8 07:03 0LT7e27
b6l (7«04 102075
Ube2 (70 Ui7687
0062 07406 106207¢
U6y 7607 1luegSOl
U065 G740 013655
"J0eé& (7611 UT7CCUL
0067 (07412 (b&6D6
U068 07«18 073657
U069 714 (13655
0070 7515 003004
G071 (7616 0400C1
G072 C7&17 04355k
d073 070 073660
9074 7821 0UZ0OU4
0075 (7¢22 G02004
J076 07#2%5 0L13664
0077 C¢7624 GeTéel
0078 (07625 1v3d&s
U079 (7626 537657
6080 27427 11360l
JuB1 07430 038766C
uo8z (7431 0ues0DG
uog3 (7532 076250
0084 274233 1Uz077
ul8s 07854 063665
0086 (7535 102601
0087 (7436 1lz7664
00gs 27637 LULLGOLU
0089 (7e¢40 1l0ezs801L
U090 (C7c4l UVi13eE2
0091 ¢7242 073663
U992 0743 leT76E4
0093 (7644 G37664%
U094 27645 UGe0U3
0095 (7646 127637
U09A CT7£47 Dob36e2
V097 07650 UG3GLL
0098 (7631 116001
0099 07652 0053663
0100 07¢53% 176001
J1U1 G7¢54 Ce7643
JiG2~

U1u3 07e85 06716000
0104 U765 Uu7700

PAGE 0GO05 nGl

U10% ©€7&57 0BLOGOOO

Svn
A

IS
WSECT
Cel
L.C
Se 5K

CUNHFCG

LOGP

SwCON

CCNLF

Euli
EGy
Bl
IANE
Eull
CGL
LU

CKG
LUA
STA
HLT
JSE
HLT
JSH
HLT
Lia
AL
Sih
LLA
STA
AlL
CrA

TALA

AlA
STA
I
ITivA
STA
L
LLA
IsZ
STA
182
INE
JF
RHLT
LUA
CTh
o1
LGP
L1IA
AN
STA
LLB
187

SeB«KES  DCNE

JIP
LLA
CrA
AND
10K
STr
JIiF

LGOS BUOTLCLLDER COMFIGURATI

1
0
1
128
105
114
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CORE~CORES
CLATL SET
10PTi

THE ENTE
SWLUN

75E LnTE
ShCUR

Ol

COMFIGURATION PCINTER

R DAT/ CHANMNMEL

ROCOMPMAND CRAMNEL

76k LEPABL LOADER 2 SPY. »77060 10 &8

Sih
XPpAGE nLEP
E\

«STHRT GET CURRLET DUGOTLUAGLF

FETCH SE1

XPAGL CoMP

* Il

B

«STRT

STORE SET
C Al

IGRTR

LECCTY Usc
FETCH. 1

FETCLH

STCRENT

STORe

nyse LGRE
LOGP G
776

85Yse

S

IOPTIR,I

Sk oL T
CHANE
CHAN
ICPTR.1  GET
ICFTIR

?

PAGE

SQurECE FTF
uTe OFFSEY

DESTIHATICN FTH

D S7auT

B As LGCKF INMDLEX

7

CHANNEL

NEXT FDR

CEICT

SWCGUN. 1 YES

CHANN,

Bl CLeA
CH/N FLT
Bl FLT
CCHLP

XEAGE CCT 760006

e Tin]

FETCH

OLF

MNOF

START-CURLL

R CHANNEL BITS
Iy CESTRED Chaw
IT 3ACH
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le21
Cice
U1z3

7660 QuG0OU
C76€1 177700
cTeee uBuu0T77
(7¢63 0LOO0D
n7ee4 QuGoLU
07065 Cul0lHy
LTREE UUT6RT

gur7sC
07764
0u776¢c
Du7767
vulinuu
"CRLLSY
Du7745
Gu77%1
VL7752
vovbyguu

0T8ET
L767U
C7271
Cr¢ 7€
Cr7e73
L1eT

AL
C76795
(7c¢7€
07677

STGRE
LEGGT
Cr Afy¥
Cring
l l.tt“T H
ST1SU

LT

DATLS

PUST 1M

CulS

NGF
&
cCT
NUP
O

AES
LiF

U F
OLF
LLF
DEF
oCT

MEDIATELY FoLlCw

Ll F
DiF
UL F
GeT

-10C
77

EeSHh
LETLS=-COR L

Clle 7=-COLED

Ll E~CUREL

DL Y-COKRE L

Ol e 10=CLRLL .

U TERFIMATE
nDATLSEY
LCelU=-CUReLl:
CCa1G=-CULREL
LCald=L0KLD

U TERMINATL



PAGE ¢C06 %01 FDCS BUOTLOADER L_ ‘ . ~

[o]

0125 07700 GG COREL-CURES+100G

0126% LOUAL FILE STARTIRKG AT SLCTOR ZOKC

G127 07700 CUch01V STAKT CLAWKSS

Ciz8eLOAD FILD STAPTING oT BLUCK SPCCIFlE 1IN SWITCH REG
U129 07701 1u2501 STARI L1& SwR

0130 LGAD FILD STARPTYING AT £LOCK SHELCIFIEL 1IN A=-KEGISTER
ul21 Q7702 007400 STake Clk

0132 07703 071777u STE BLKKT INITIALIZE TC RLAL SOCTOL
U132 Q7704 033772 JUR DRDON (MAKE FIKST SECTOR tClL=zprt)
V134  G7706%5 073771 STA NYSEC

U135 (7706 017737 KReCnNY JSBE RCwhD FUAD WORD COUNT

Ul36 07707 027735 . JMP BOCIE 4

U137 C7710 Gu2003 SZAWRSS WORKD COUNT = 2ERUY

G138 07711 Vel7U6 JRE RWCHT YES = IGMNCGHE IT

U139 07712 0u1727 ALF W ALF SET COUNTER

U140 67713 0uU30Ck CHAyINA

Ul41l 07714 073774 STA WCHT

Cl42 7715 017737 JSE KCwRD READ COURE ALUCEESS

Jlae3d (7716 1lug0ly BHLT 14b UNEXFLCTED WUF

Ul44 07717 vigoul STA B START CHECKSUMN

0145 07720 073775 STA PTX SET POINTEK

Glue 07721 017737 NXUAT JSE RCWRE FEAD DATA WORL

0147 7722 102014 HLT 14k UREXFCCTED LCF

0148 67723 0644000 ALE A UPLATE CHLCKSUN

D149 C77¢4 173775 STA FT241 SIGHE 17

0150 07725 V8777 187 PTX EUFP POILTER

U181 G077<6 DS7774 182 wCiul KEAD ALL UATA wORLS?

0152 07727 027721 JiP NXCAY KO = READ FMORE

0153 07730 017737 JSE RCWKD YES = MCu CHLCHSUW

0154 07731 102014 FLT 148 UNEXPECTED EUF

U155 §7732 050001 CPA B ~ CHECKSU ZERG?

0156 07733 027706 JMP RECKT YES - GU ROURD ACRIN
U157 7734 1u20lz FLT 12C CHECKSUM ERKUR

015&x . P
0159 0773% 067772 BCOTL LLE BLT77 HALT READY TGO E¥ECUTE ¢ ;72
Gle0 2773%& 024001 JhP 8

0161»SUBROUTINE TU CET A WORL
Ule2#* 1 IF PREVICUS SECTOR FULLY 1IHKULT (OR BLKMT

Ulez= 1s INITIALIZED =1 TC FURCC START SECTOR)

0leun» THEMN -

U165% A TF 1O WEXT SECTOR (I.L. ENC=OF=-FILE)

Ole6x THER TAKL FIRST EX173

Ule7» ELSE

01686+ © B INITIATE WEXT SECICR TRANSFER AND

Ule69+ C INFUT ANL TGNGRE FIKST wORD (RARD) AND

J170% D INPLT ANL SAVE SECUGND wCRD (NEXT SCCTCR)
0171 ARD : : -

01724 2 INPOT AND RETUKKN K1TH NEXT wORD OF SECTOR AhL

U173% 5 TAKE SECURD EXIT. " - -,
UL74 27737 VUCGUU RCWRL NOP et 27007

U175 G7740 03777¢ I1SZ BLRRT -

0176 G7741 0277€U JEP REKRDU

U177 Q7742 0e3777 LLA iXSEC

01786 G7743 UUZULY SZARSS

0179 CT7T44 127737 JEP RCikDa I e
0180 07745 1623110 DC.10 SFS LLC whALIT "FOR REAL Yommeol® @ 7502
U181 (7746 027745 JNF 4=1

PAGE 0007 02 FLGS BUOTLOADER
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U1S4a
03195x%S
U186 =
u1e7
0198
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0200
201 .
02024+
203
20y
J205
0206 ¢
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g208
uau9g -
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¥ U

67750 1u3110° DU,7
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7752153711 Q.18
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C77%4 G7377¢

07785 L1176

077%6 GL77€%

07757 Gi%777-

897760 C57737  #cuwRi
(7761 G1l77&3.

671762 127737
UeKOUTINE TO InNFUT A
07763 VLLOLEGEY REGRL
67764 1uz310- Dlidb
07765 027764

07706 1uebiU DLL.9
07767 LUZ71U [CLe10
L7770 17763

07771 177662 SCLTH
G7772 GOOUG  DhpCw
L7773 102077 HUITY
07774 DGO000  RTNT
0777500000000 PIX
07776 000000  BLKNT

St

07777 LUONUU

ERRCGES*

CLF
CTh
sSiC
LLA
STA
JO&E
JEG
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I&7
JOE
Ji P

RwUORD
R URE
WASEC
QCWHD
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Cal:
|
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wuSEC
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o

o1

T+2

SET UP RLOCK CCULn:T
READ FILE MRARLM
SiD HEXT SeCTok
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.. ey
i i

wAIT FCR DATA FLAG

INFUT ALD

ACKILUWLLDGE LhTa

~{LATA

CISK RCAD CORFMARNL

WURDS/SECTUR

—

LOCRLST






PaGL 0120 #01 COwpLhlcaTlOnS REGIOM

5274  CL021 OUFbeH EGL COREACTR 4= IF FrGD Tl TCC LARCGE

9275 17517 OKE CChu4lGiha+

SYNISEERES L E RS EE SR L ERT COptUMNICATIUNS FLGIOR ttadddkakert d X Kby X3 3k¥ KA
2277+

S278x LCCATIONDS LOALED WITh (P1VIH

5279 17512 CLmpBl ELU #

95280 17512 CLlele7 FSCIO CLF X1Ge0 FCILTER FOR TRILORLD "SIuv

5281 17513 CuC0U0  Roeuobl ek S5E7T BY COGRFICUKRATOR _

5242 17514 DuCOOU N UFS NG 5CT BY CCORFIGURATOR (FLCL FLAG)

5283 1751% 000000  OSFLE P

5284 17516 LLCGULU  AFLL KCF

5285 17%17 Cle024 PL.ALO LEF XIC
528€ 17%25 UG1371e  F.i-DT DCF T.PLT
5267 17521 013726 Fa.rUT DEE TWHUIT
5284 17%2¢ (1e027 b LIU ULE UIO

D269 17523 Ue7947  ELUAL Jik LUGAD
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5292+ LCCATICHS HNGT LOACELU WITE SYSTZM Gk LUADER
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5296 1753% FARING EGU %=1
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52545 LCCATICHS LCADED wlTH LCAGLK
5299 17534 LOxBG LU *

%330 17534 027844 JEYST JkP SYST
5301 17535 LUOGO0  STRTA EBSS 1
53p2 17936 LUOQ0C  ETCHF MCP

3303 17%37 0U00UC  LinR  RUP
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SEUG 4 b kb ko ok Rd bk % Ky KapxF

S3u9*
53i10=
5311
5312»
5313
5314
5315+
5316*
5317
H31R
531¢
53«0
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2322
5523
hh2u
5325
85324
5327
D328
5329
2330
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5334
33%5
5336
9337
5338
53359
9340
5341
3342
5343
9344
5345
5346
5347
HS34R
5349
5350
5351
5352
5353
5354
535%
5356
3357
5358x%
53594
5360
b3l
53627
3362
95364
PAGEL

9365

C121 #0601  SYSTEF LCACER

EXEC - LOAD C/FDRCS EXLCUTIVE

SYSW = LOAU C/FLUS DFLIVERKS
SYST - LOAD C/FLLS SY&ETeir

LOAD = LCAL FRCOGRAT STAKTIIG
FIKST LOAD AGLRESS IS STGHD

17546

03664 ExcC  LLA EAADR
17541 Cu2001 RES
17542 0D0d€€5 SYSw  LLA SIAUK
17542 002001 KSK

17844
17245
17546 077535
17347 07367¢

De3663 SYST  LUA SYAUR
T CLE

STE STKTA
LCAD  STA SLCAL

17550 0136e7 AL DSMSK
17551 Q7371 STA USKBT
17552 ou7400 cce

17558 0717¢e72 ST STFLG
17554 077675 STB ELKNT
1755% (17625 RWCk1 J&B RCWKD
175596 Ue7611 JEF O STRT
17587 0020603 SN WSS
17560 0£755¢ JEP O RVCRNT
17561 (G177 ALF ¢ ALF
17562 0u3ouy Cih e ITA
17563 (73673 STA WCHT
17564 017625 JEE RCrKD
17565 Ge76U6 JiF STIH1
17566 070001 ST1A B
17567 (37672 18z STFLG
1757C 0020061 RES

17571 G70003 ST 3
1757 CT73674 STi PTX
17372 017625 NALAT J&E Rlwky
17574 07605 JrE STRIL
1757% 04400¢C AL A
17576 173674 STA PTxel
17577 037674 182 PTX
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INTERFACE DESCRIPTION

The model 422 Floppy Disk System (EDS) is interfaced to the
Hewlett-packard 21XX Series computers (2100, 2114, 2115, and 2116)
via two identical interface cards (Dicom Part Number 520-50052-
02). The interface cards can be installed in any two available
I/0 channel slots. The highest priority (lowest numbered)

channel is used for data transfers; the other channel is used

for command and status transfers. The FDS interface supports
programmed I/0O, interrupt environment, and DMA operation (16

bit). : ;

Since the FDS is a block-synchronous device (data transfers
must occur every sixty microseconds once initiated), a high
priority should be used for the data channel when operating in
the interrupt environment in order to avoid rate errors.

An OTA (or OTB) instruction is used to transfer commands and
data to the FDS; an LIA (LIB, MIA, or MIB) instruction is used
to transfer status and data from the FDS. After executing the
I/0 instruction, control must be set and the flag cleared for
that channel (select code); thus the proper sequence is OTA
followed by STC,C; or LIA followed by STC,C.

The POPIO line generates an initialize to the FDS:; thus the
FDS is initialized when the PRESET (or EXTERNAIL PRESET) push-
button is depressed.

Following is a definition of the command and status bit assign=
ments for the FDS.

COMMANDS (true when set in A/B before OTA/B)

BIT NAME FUNCTION

15 RESET Initilizes FDS; positions to
track zero.

14 WRITE Select write operation

13 READ Select read operation

NOTE: If bits 13 and 14 are both
zero upon receipt of STC, no read

or write operation will be attempted;
this allows selection of a unit for
status testing.



12
and
11

10
~thru

04

03
thru
00

UNIT

TRACK

SECTOR

Specifies unit number (unit D
= @@, unit E = g1, unit F = 14,
unit G = 11)

Specifies track number

Specifies sector number

STATUS (true when set in A/B after LIA/B)

BIT

14

13

12

11
10

09
thru
00

NAME
NOT READY
(DRIVE)

FORMATTER
NOT BUSY
{FORMATTER
READY)

DATA
ERROR

WRITE
PROTECT

RATE
ERROR

TRACK
ZERO

FUNCTION

The selected disk unit is not ready.
The unit is not ready if the power
is off, if no disk is installed,

or if the disk is not up to speed.

The FDS is not currently executing

a read or write operation, nor is it
seeking a new track. The FDS will
ignore any commands given when this
bit is not set.

An error (parity error) was detected
by the FDS when reading a sector of
data. This bit is reset by a new
read or write command.

The disk in the selected unit is
write protected except when a read
operation is in progress (Read and
Formatter Busy).

A data request has not been serviced
within the allowable sixty micro-
second window.

The selected unit is positioned to
track zero and the formatter is not
busy.

. not used.



INSTALLATION OF HARDWARE

The Model 42?2 Floppy Disk System is interfaced to the Hewlett
Packard 21XX series computers via two identical interface cards
(p/N 520-50110-02) and a "Y" cable which interconnects between
the interface cards and the baseplane wiring in the FDS enclosure
containing drives D and E. In the "standard" software configura-
tion, channel 10 is used for data and channel 11 is used for
control/status. Installation of the hardware consists simply of
plugging in the interface cards and installing the cable:

1. ©Unpack the FDS from its shipping box. If shipping
damage is noted, notify the carrier (see note in the

shipping box).

2.

* % % *x k* * * CAUTTION®*®* * * % % *

OPEN THE LOADING DOOR OF EACH DRIVE AND
REMOVE THE SHIPPING INSERT BEFORE POWER
IS APPLIED. IF THIS PRECAUTION IS NOT
TAKEN, DAMAGE TO THE DRIVES MAY RESULT.

* ok % ok % ok ¥ F
* ok % % ¥ % % %

%k % k% % k Kk Kk k% k% k% % % %k k *k % % % %

3. WwWith the computer power off, install the 520-50110-02
interface cards in slots 10 and 11. 1Install the cable
connector labeled "DJ2" onto the card in slot 10; install
the cable connector labeled "CJ2" onto the card in slot 11l.

4., If a cassette system is to be used with the "standard"
FDOS software, install its interface card in slot 14 and
cable it up to the cassette system. If a cassette system
is not used, install a card in slot 14 to complete the
interrupt chain.

5. If the HP-supplied BUF'R'D TTY REG (teletype interface
card) is to be used, install it in slot 12; connect the TTY

cable to the card. If it is not used, install a card in
slot 12 to complete the interrupt chain.

6. If the photoreader is to be supported under the "standard"
FDOS software, install its interface card in slot 13 and
cable it up. If it is not used, install a card in slot 13 to
complete the interrupt chain.



7. Apply power to the computer, TTY, and FDS.

8. Place blank disks into the drives and Bootload the Disk
Exerciser tape supplied. Configure, define the parameters, and
start the Exerciser per the instructions in Appendix F. The
Exerciser should produce a regular incrementing pattern in the
Switch Register lights as it writes, reads, and compares; bits

12 through @@ indicate the:'last disk address that was accessed
(see the INTERFACE DESCRIPTION Appendix of this manual). Setting
bit 15 of the Switch Register causes an error summary to be
printed on the console device.

9. After the hardware has run successfully for a while, install
the software.
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INSTALLATION OF SOFTWARE

The "standard" FDOS software package is supplied with a fixed
configuration of I/O channel assignments and memory size (see
Section V of this manual). The software package is supplied on
the "master skeleton disk" containing the following files:

sYsg x LIBE DUP D.35
SYS1 x LIBF DEBUG .I0cC.
SYS2 X CODSK EXER RLOA
SYS3 EDIT ABCS SD36X
SYSM ASMBN DPCS ~ ASMBE

» SRCE CROS D.36 x ASMBF

<« FSRC FORT D.36X MFOR2E
LIBN FOR2N D.gy

The SYS@, SYS1l, SYS2, SYS3, and SYSM files are discussed in
Section V; the EDIT, ASMBN, ASMBE, ASMBF, CROS, DEBUG, Dup,
FORT, FOR2N, and FOR2E files are discussed in Section VII; the
LIBN, LIBE, LIBF, ABCS, DPCS, D.36, D.36X, b.gg, D.35, .IOC.,
RLOA, and SD36X files are discussed in Section VIII; EXER is
discussed in Appendix F. FSRC is the source of a FORTRAN pro-
gram to be used later in this section; CODSK will also be dis-
cussed later in this section.

SRCE 1is the source of an assembly language demonstration E;o~

gram that flashes the Switch Register lights and rings the

console device bell. Upon execution, the program will type
COMMAND? TYPE L, R, F, C, B, OR S

the following responses are valid:

L (left) - turn on the LSB light of the Switch Register
and rotate it left for approximately 30 seconds.

R (right) - turn on the MSB light of the Switch Register
and rotate it right for approximately 30 seconds.

F (flash) - flash the Switch Register lights for approxi-
mately 30 seconds. :

C (count) - do a binary count in the Switch Register for
approximately 30 seconds.

B (bells, lights, etc.) - turn on the Switch Register

lights one at a time; when they are all on, print an up-
arrow and ring the console device bell; turn off the lights
one at a time; repeat this cycle five times.

G-1



S (system) - go to the core-resident System Loader and
reload the operating system.

The following narrative describes the installation of the
"standard" FDOS software package, and gives examples of opera-
tional procedures. Prior to installing the software, the user
should study the preceding sections of this manual.

A. Install the FDS hardware and run the disk Exerciser
(see the INSTALLATION OF HARDWARE Appendix of this manual).

B. Install the "master skeleton disk" supplied in disk drive
D (the left-hand drive of the main FDS enclosure).

C. Install the FDOS Bootloader into the protected area
of memory; (see Sections V.C and V.D of this manual).

D. Execute the Bootloader at X77¢@B; a Halt 77B indi-
cates a successful load of the System Loader. A Halt
12B or 14B indicates an error was made in loading:
verify that the Bootloader was entered correctly and try
again; verify that the hardware is working correctly

by running the disk Exerciser. '

E. Execute the System Loader, thus loading the remainder
of the operating system (see Section V.E); this is accom-
plished by merely pressing RUN. Note that the Switch
Register displays the last disk command and address trans-
mitted to the FDS; refer to the INTERFACE DESCRIPTION
Appendix of this manual.

F. When the console device bell rings and an "*" is
printed, FDOS is "on-the-air"; control of the computer
and associated peripherals is under typed commands (refer
to Section VI of this manual).

At this point, one should make a copy of the "master skeleton
disk" and file the "master skeleton disk" away for back-up
purposes. This can be accomplished (on a two-drive system) as
follows:

A, Install a disk (to become the "master working disk" in
drive E.-

B. A disk that is used for the first time in FDOS must

be formatted, since its sectors are not set up for use

by FDOS (see Format Disk command in Section VI); formatting
this disk can be accomplished by typing "FD E". It takes
approximately thirty seconds to format a disk.
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C. Now copy (and verify) the "master skeleton disk" by
typing

RU DUP

It takes approximately forty-five seconds to copy and
verify the entire disk (131K words) using DUP; see
Section VII.F for a description of the Disk Utility
Package.

D. Remove the "master skeleton disk" from drive D and
put it away; take the disk from drive E and install it
in drive D. Use the ZS command to clear the buffers.

The above exercise demonstrates calling a program from disk by its
name. Remember that all of memory (except the Bootloader and Sys-
tem Loader areas, X7534B through X777B) can be used by the called
program, since FDOS is a "disk-resident" operating system.

Now we are going to assemble the SRCE file. Place a virgin disk
in drive E and format it.

The FDOS processors (ASMB, EDIT, etc.) use the units referred to
in the base page pointers (1@1B thru 1@g4B) for all input and
output; these are analogous to DI, PL, DP, and PK (see Sections
Iv.C.2a, II.D, and II.E). In order for the Assembler to process
SRCE, the I/O units must be prepared prior to calling it. Basic-
ally, this is done by temporarily assigning the input unit (DI),
and "opening" files on the output unit (DP) and high-speed list unit
(HL). One might think of this as mounting the paper tape of SRCE

" in the photoreader, loading the high-speed punch with tape (to
accept the binary output), and loading the line printer with paper
(to print the listing). Since SRCE is already Queued as the first
file on D1, this I/O unit preparation can be accomplished with the
following commands (we'll use the names DBIN and LIST for the
binary and listing, respectively, of the demo program):

AS DI,D1
QU DP,DBIN;RF E,DBIN,?2
QU HL,LIST;RF E,LIST,41

Files arereserved (RF command) for DBIN and LIST, since the assembly
will go much faster if these files already "exist" on the disk; this
is because the driver does not have to go back to the Free Storage
List (on track zero of the disk) each time a sector is written out.
Now call the Assembler by typing

RU ASMBN, ,K
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The EAU version (ASMBE) or Floating Point version (ASMBF) of the
Assembler could have been used, but SRCE does not use these main-
frame options. In the above call, we have directed the Assembler
to take its Control Statement from PK. Thus, when it is loaded
it will type '

TYPE ASMB CONTROL STATMENT:

To direct the Assembler to generate a binary file on DP and a
listing and symbol table on HL, then automatically load the
Cross-Reference Table Generator and generate a cross-reference
table on HL, type

ASMB,A,B,L,T,C’

A two pass assembly is done automatically on SRCE, generating
the binary and listing on disk; this is possible since the
computer has complete control of the I/O media and can re-
position to the beginning of SRCE (no operator intervention
is required as with paper tape).

The absolute binary output of the assembler will be written in
DBIN, and the listing, symbol table and cross-reference table
will be written in LIST. When the assembly and cross-reference
operation is completed, control is returned to the user at the
console device keyboard (CK) via a transfer to X7540B (see
Section V.E).

Note that this entire operation can be accomplished in approxi-
mately eighty seconds (by a good typist). To illustrate how
FDOS increases the productivity of the computer system, consider
the following:

*On a computer system with only a teleprinter (ten
character per second I/0), it would take approximately
thirty-two minutes just to get a binary paper tape (no
listing or cross-reference).

*#0On a computer system with high-speed paper. tape I1/0,
it would take approximately five minutes just to get
the binary paper tape.

*FDOS is thus twenty-four times as productive as the
system with just a teleprinter, and 3.75 times as
productive as the high-speed paper tape system.

*To actually print the listing, symbol table, and
cross-reference table on a teleprinter, it would add
approximately 18.5 minutes on all three systems (a line
printer would be nice). However, on FDOS we have all
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this on disk, and can print it later (at night?) when there

is less demand on the computer. Also, once initiated, the
operation on FDOS does not require operator presence. A note

of caution, however; listings (by nature) require a great

deal of storage, and may clutter up the disk. One might

direct them to cassette or high-speed paper tape. Then(with
either media) they could be dumped to a Teletype or line printer
at an off-line print station; this would further decrease the
demand on the computer.

To execute the program we just assembled, type
RD E,DBIN
To reload and return to the Executive type an "S".

Now we are going to compile the FSRC file using the FORTRAN
Compiler. First, prepare the I/O units (DI is still assigned to
D1, since the return from DBIN was to X754@B, not X7544B - -

see Section V.E) by typing

QU DP,RBIN;RF E,RBIN,2
QU HL,FLIST
QU SC,TEMP;RF E,TEMP,1d

We won't reserve a file for FLIST, since only one sector (an

EOF) will be written on HL (see P3 parameter description of the
FORTRAN Compiler description, Section VII.E). RBIN will be the
relocatable binary from pass two, FLIST will be the listing, and
" TEMP will be the intermediate file. Now call the Non-EAU version
of FORTRAN by typing

RU FORT,,,2

Note that the compiler was directed to take the control statement
from FSRC, and to compile the second file on DI. Pass one is made
on FSRC, with the intermediate file written in TEMP. FOR2N (pass
two) is loaded automatically the intermediate file is processed,
and the relocatable binary is written in the RBIN file. Upon
completion, the Executive is reloaded via a transfer to the System
Loader.

Now to process RBIN with the configured BCS system (ABCS, Absolute
Basic Control System file); first, prepare the I/O units by typing

RS;QU E1,RBIN
QU E2,ABIN,ELIST;RF E,ABIN,45;RF E,ELIST,4
QU E3,BLIST;RF E,BLIST,5



Note that disk logical units are referred to here, rather than
functional units (DI, DP, and HL), since we want to insure that
we use the proper Unit-Reference numbers (see Section VIII.D).
ABIN will be the absolute binary file generated by ABCS, ELIST
will be the entry point list, and BLIST will be the bounds list.
Call ABCS by typing

RU ABCS

When the "*OPT" message is printed, type "PL" to direct ABCS

to write the absolute binary file (ABIN) followed by an entry point
list (ELIST) on the system Output unit (E2); when the "*LOAD"
message is printed, type "NL" to cause ABCS to load from the re-
locatable library (LIBN) and list the bounds (BLIST) to the
system list unit (E3); when the "*LST" message is printed, type
any character except "L" (see Section VIII.D for a description
of ABCS operation). Upon completion, the Executive is reloaded
via a transfer to the System Loader. If an entry point or
bounds list is desired, these can be obtained from E2 or E3

with the List command.

Now execute the program by typing
RD E,ABIN

The program will be loaded and executed, and will request you
to type the input data. After it has done the computation it
will print the result, print another message, and reload the

Executive via a transfer to the System Loader.

It should be noted here that FDOS made several transitions
between the SIO and BCS environments in this compilation,
relocation, subrouting loading, and execution process:

*After doing the compilation (FORT) in the SIO
environment, the BCS environment was entered when
ABCS was called; upon completion, the Executive
was reloaded (back to SIO).

*When the program was executed (RD E,ABIN) the
BCS environment was again entered; wupon completion,
the Executive was reloaded (back to SIO).

At this point the user should be reasonably familiar with the
various aspects of FDOS. If a hardware configuration different
from the "standard" as defined in Section V.A is desired, the
following procedure can be used to build a "master working
disk" (if the "standard" hardware configuration is acceptable



skip to the end of this section and delete files as is appropriate).
Basically, the procedure consists of using the System Generator

to configure and write new "system" files (SYS1l, SYS2, SYS3, and
SYSM), re-defining the teleprinter channel for DEBUG, building

a new ABCS, and deleting unnecessary files from the disk.

PROCEDURE FOR BUILDING A "MASTER WORKING DISK"

kK k k kK k k kK k k k kK k k *k Kk *k k k kK k k % k k *
* NOTE: DO NOT REMOVE THE WRITE-PROTECT TAB FROM *
* THE "MASTER SKELETON DISK" SHIPPED FROM THE *
* FACTORY. * '
k¥ % k Kk kK k ok k k k ok k k x k k k ok k k¥ k k k *k Kk %

1. Install the "master skeleton disk" in drive D (the left-hand
drive of the main FDS enclosure). ‘

2. Enter the Keyed-In Loader per Section V.C.

3. Load and configure the FDOS Bootloader.per Section V.D.

4. Bootload the "skeleton" file (SYS@) using the X77@1lB entry of
the Bootloader with the Switch Register set to 14B (see Section

v.D.2).

5. Remove the "master skeleton disk" from drive D, and install
a virgin disk in its place.

6. Halt the computer, turn off all power, configure'the inter-
face cards as desired, and turn all power back on.

7. Execute the System Generator at location 2B.

8. Proceed with the System Generation, starting at Section V.F.3;
reply "YES" to the "FORMAT?" question in step 21.

9, Install the "master skeleton disk" in drive E.

10. Use the CODSK Batch file to copy all files (except SYS1, SYS2,
SYS3, and SYSM) from drive E to drive D; this is accomplished by

typing
AS BC,E2;BA CODSK

Note that CODSK can only be used in conjunction with the "master
skeleton disk" (or a copy of it), since it assumes certain
named files are on the disk in drive E. Upon entering the Batch



mode, CODSK types
* k% ****BEGINING OF CODSK BATCH OPERATION
*AS BM,BK

thus assigning the Batch Message unit to the Bit Bucket. Upon
completion, CODSK exits the Batch mode (BX), clears the buffers
(zS), restores the original SIO configuration (RS), and types

*%% **%**END OF CODSK BATCH OPERATION
*%% *%%*REFER TO APPENDIX G, STEP 14.

A listing of CODSK is shown at the end of this appendix.

11. Remove the "master skeleton disk" from drive E, put it in
its envelope, and store it per the directions on the envelope.

12. If the console device (téleprinter) is not on channel 12B,
re-define its channel for DEBUG per Section VII.D.2.

13. Since the hardware has been re-configured, a new ABCS file
must be built. This can be accomplished on the disk in drive D.
First, the files that will not be used on the "working disk"
(such as CODSK, SRCE, FSRC, LIBE, LIBF, SD36X, ASMBE, ASMBF, and
FOR2E in a Non-EAU computer) must be deleted, since there 1is
room for only thirty-one names in a disk directory. This is
accomplished via the Delete command. Obtain a Disk Directory,
and start deleting files from the bottom of the directory as
appropriate.

14. At this point, the user should copy any additional BCS modules
(drivers) that are to be used during DPCS onto drive D: Queue
each module to a logical unit of D, and then use the Copy command
to transfer them to disk.

15. Next, Queue the appropriate BCS modules to Dl; D.36 and D.36X

should be the first two (if they are to be included), and RLOA

"should be the last one queued.

16. Now Queue ABCS, assign the I/O units, and call DPCS by typing
QU D2,ABCS;AS DI,D1;AS DP,D2;RU DPCS

The new ABCS will replace the '"standard" one; refer to Section
VIII.A for details of the Disk Prepare Control System.

17. Since we are now (theoretically) done with the BCS modules,
delete them from the disk.



18. Queue the library unit defined during DPCS (the standard is
D4) with the appropriate library of relocatable subroutines
(LIBN, LIBE, LIBF, or LIBX).

19. Install a virgin disk in drive E, format it, and copy the
disk you just built (use DUP to do this).

20. Take one of the disks, write-protect it, label it "master
configured disk", put it in its envelope, and store it in a

secure place per the directions on the envelope. Thus, when

the "working disk" gets misplaced, etc., a copy can easily be
made.

21. Repeat Steps 1 thru 4 to configure the Bootloader for the new

channel assignments.

If all the above operations work as indicated here, the FDOS may
be placed into routine operation.

CODSK Batch File Listing

*¥x *4+x REGINING CF COUSK BATCH OFERATIUN

AS BieRK

LI BCeRRee12% xx THRIS HUMBERE MUST EGUAL CCOMMENT LINES

x*x RATCH FILE TO CCPY ALL DISK FILES FROoM

% MASTER SYSTEM UDYSK TO NEW SYSTeM DISK

% PRUGRAMMER: DeKe LA VERNE W
*+ CyuoING BEGUND: MAY 21, 1974

*x PRGCODUCT ID: 5029 REV. B

* % L

¥ CDIT HISTUORY .

»x 31 MAY 74 CRFATE ThE FILE

*%x 14 JLiH 74 RE-ARPAUGE EACH LINE N
*+ 2¢ AUG Th  ADD IRITLAL GUEUE OF DISK LUD'S |
«x (8 CT 74 ADD ASSIGHMEMT GF DI & Lp

* %

AS DIWF13AS DiFWD1

SE:Tt; DTI+SYSOUITE DOFeSYSO

SEIRF NP+SYSOe61iCG w0 o BAITG LI«SYSOITQ DPWSYSOGIVE «49BA

TR DI «SKCE;TO DPeSRKRCE

RF DP+SKCE¢183iC0O0 299ATQ DIWSRCEITQ DP«SRCEIVE e eA

TQ DIWFSKRCITR DPFSKC

RF CPsFSRCy43C0 29+ASTEL DIWFSRCITQ DP«FSRCIVE s90A

TA DILIBNITY OPLIEN .

RF DR +LIBNsEZ3C0O vo2BiTQ DICLIBNITQ DFLIBNIVE +¢eB

TS DIWLIBEITG CPWLIEBE

RE DPWLIPEBOICO +94P3TQ DILWLIBESTE DPRJLIBEIVE 44148
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TQ NI IEF$TG DP.LIBF
RE DEWLIBFs763C0 +9+8:TQ DIWLIBFITE DPLIBFSVE 448
TY DIVCODSK:TG DF.CCOSK
RF NP2+ COLSKe1UICC 299 A3TE DICCODSKITO DPvCUGDSKIVE w9 A
T2 DIWFLUITITG CPWEDIT
RF DPWFLIT103CO v 44 BASTS DLEDITITG OPLWEDITIVE 44 4BA
TR DI ASKHBMNITY DP«ASMDN
RF DP+ASMENs32iC0O s+ vBASTE CI«ASMBNITE DFASMBNIVE «e2BA
TQ CI«CROSITSE DPLCRGS
RF DP+CEGS+9iC0 o +BAYTQ DIWCROSITO DPWCROSIVE +4+¢8BA
TY NYIWFGRT TG DOPWFOGRT
RF UP'FORT535iC0 v aBASTE CIWFORTITO DPWFORTIVE «e9BA
TA DI+FOR2MNITU DFWFGRZN
RF DP+FCR2My10iCC 44y +EATTO DI«FOR2NITG DP+FOR2NIVE +99BA
TQ DISDUPITG uP[UP
RF CPywDUPW4ICO +wooEARAITG UICLUPITY CPsDUPIVE 19 ¢BA
TQ DIDEEUGITa DPLERUG
RF DPWCERLGyHICO 2o BATTE DIWDEBUGITWE DPUDEBUGIVE +44BA
TQ DIWEXERITG CPEXER .
RF DPwrXERs20ICO w0 o BATTE DIGWEXERITO UPWEXERIVE +yoBn
TQ DIWABCS:TS ULP+AECS .
RF DF+ARCS+32:iC0 v+ +RASTG CILWARCSITR UP«ABCSIVE +4948A
TQ DIWCFCSiTE LP«LFCS
RF DR oOPCSe1435CO +9eBAiTG DIWLPCSiTG DP«DPCSIVE +9eBA
T3 R1+a263TQ DPeDe36
RE DPyNe264183iC0 v+ 4BiTO DIvDe36ITE DPyDe36IVE 4948
T9 DIwe3eXiTa DPFvDL3EX
KF TP 3L a36X913C0 294EB31G DIsD36XITO LPeD«36XIVE 99148
TQ DI1+G.0O0STO UPWDL.CO
RF DNF1DeC0463C0 20485 TE UIWG.0CGITO DPeD.OGIVE 1948
TS DI0a35:3T0Q DPeDW35
RF DPWyN.35473CC 294BiTGE LI.35iTE DPaD3SIVE 9B
TQ r‘Io.ILC-§Tw T)F"-l("(,. :
RF DPyeICCes3iCO 10 4BiTG DIeeICCeiTO LPeeIOCeiVE veaB
TQ DIWRLGASTR DPWRELCA
RF CP+RKLOA21:iC0O 2096370 DIWRLOASTQO DPWKLOAZVE +914B
TQ DI+SUZEX:iTE DPWwSDZER
PF DpP+SUZEXsUIiCO 2040 ASTY OIS036X3TQ DPP«SDIEXIVE weah
T DICASMBE iTuw GPJASMBE
RF DPASMEE«323iC0O 29 oBATTA LDIVASMEE ;TG DP«ASMEEIVE we9EA
TQ NDYIASHEF TG DPASMEF
RF DPWASHBF 922300 20 EASTA LIWASMBFITO DP+ASMBFIVE 4 44BA
TQ NDIWFORZEITS OF«FGR2E
RF DFsFOFZ2Ev103C0 vesGASTO CI«FORCE ;TG DP+FORZEZVE +4veBA
U D1+SRCEWFSRCSO26Xi6GU D2.CUBSK
GU D340 e3610Ue 56X 10el0eLedS5yeTUCssRLOAIGL DY LIBHNWLIBEWLIRF
LI RBCeCLv12:PE BCikXIZSIRS
**xx* EHNO OF CODSK BATCH OPERATICN.
sxxx REFER TO APPENULIX Go STEP 10.
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